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2SUMMARY
This study Is concerned with the measurement of mental stress 
of administrative management in hotels. The aims were to assess the 
degree of correlation between certain specified managerial activities 
and associated variations in heart rate and to assess the degree of 
stress which occurred.
The final methodology was restricted to arrangements which 
were acceptable to the hotel managers on site. T.E.M. recording 
equipment was-chosen in view of its compactness, light weight, 
recording capability, and portability. Questionnaires were used 
initially to determine the suitability of subjects and to record 
personal details.
A minute by minute log was recorded for the working day so that 
readings could be matched with activities and analysed. All physical 
activity was noted and timed. Personal details were noted and these 
included age, sex, marital status, experience in the job, general 
health, smoking habits, amount of stress experienced during the study, 
drinking habits, and other observations.
A device was designed and developed to cut recordings when any 
disturbing physical work occurred thus isolating mental work 
recordings.
The main conclusion was that the degree of mental stress In the 
working day is comparatively low and within accepted limits based 
upon heart rate as a dependent variable, and verified by published 
relevant studies. With the omission of one subject who was of a 
nervous disposition the group recordings conformed to a symmetrical 
frequency curve. No correlation was apparent between standard deviation 
and the independent variables of age, sex, drinking, or smoking.
A heart rate cycle is evident which persists regardless of the 
heart rate level within the range studied. The times are inconsistent 
between the troughs of the cycles. The range of the cycle reduces 
from 35 beats at 120 b.min to about 15 beats at 98 b.rain therefore 
within the heart beat range quoted the cycle range decreases as heart 
beat falls.
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1. INTRODUCTION
1.1 The Working Situation
The function and dynamics of the heart and circulation in 
individuals while working has become progressively more important 
considering the physical and increasing psychic stresses placed upon 
modern man living in the highly industrialised environment of today, 
according to Valetin and Woitowitz (1974).
The measurement of man at work, however, is not an area of 
knowledge where sudden insights and rapid advances are common. To 
approach even a moderate comprehension of the problem requires a 
level of cerebration to which even research workers rarely rise. 
Singleton et al (1969).
Robehs (1970) summarised : "There are two aspects to the 
problem. On the one hand we are concerned with the efficiency of 
work, to compare the value or social benefit that a man can create 
working in one environment rather than in another. On the other hand 
we are concerned with the individual man - with the reaction of his 
working conditions on his bodily, emotional and social needs, and 
with the wear and tear of his daily task".
One example is the risk of coronary heart disease. According 
to French (1972) there are eight kinds of job stress which could induce 
this disease : not knowing what is expected on the job; conflicting 
demands from people with whom cyie works; having too much work to do 
in the time available; having work that requires more skills than one 
has; having poor relations with one's supervisor, subordinates, or 
other co-workers; being unable to participate in decisions that affect 
one's work; being required to deal frequently with people in other 
departments or who work for other employers; and being responsible for 
other people at work.
An indication of the possible pathological risks from causes 
such as excessive routine, incorrect diet, and harmful life style is 
given in Table I below compiled by the World Health Organisation (1976).
14
This table gives the increased or decreased risk in percentage terms 
of a man from each of five social classes dying from certain causes*
Cause of Death Unskilled
Semi
Skilled Skilled Managerial Professional
ALL CAUSES + 43 + 3 AVERAGE - 19 - 24
Tuberculosis + 85 + 8 - 4 - 46 - 60
Stomach Cancer + 63 +14 + 1 - 37 - 31
Lung Cancer + 48 + 4 + 7 - 28 - 37
Coronary Disease + 12 - 4 + 6 - 3 - 2
Bronchitis + 94 +16 - 3 - 50 - 72
Duodenal Ulcer + 73 + 7 - 4 - 25 - 52
TABLE I : The class Distinctions of Disease
The aim of this study is to examine the hotel administrative 
manager in his working environment and to attempt to assess his 
mental stress levels because of the likely health hazards associated 
with high mental work loads.
1 .2  The Mental Stress Concept
There seem to be two main views on stress’ according to Deese 
(i960).' These are that stress may be conceived as a mediating 
variable, a state aroused in an individual by particular environmental 
stimuli and chronically present in some individuals; and that stress 
may be viewed as a collection of external stimulus events rather than 
an internal state of the individual. The latter view implies that 
stressful environments may have a quite different effect on different 
individuals because their susceptibility will vary.
According to Takakuwa (1971)» however, stress can be construed 
as a failure in the co-ordination of organically related biological
15
functions both physical and mental.
A further view given by Singleton (1970) associates stress 
with arousal. He states that in the post-war period there has been 
a revival of interest in alertness levels as a variable affecting 
performance which was initiated by Magoun (1954) on the physiological 
side by studies of the reticular system and on the psychological 
side through studies of vigilance by Mackworth (1950). This work 
has been closely associated with the concept of stress as a 
descriptor of the load on the performer.
Singleton continues by pointing out that there has been a 
change of fashion in the optimistic belief that avoiding the terms 
fatigue and effort migiht avoid some of the disillusion following 
work in these fields and that some disillusion is evident now in 
relation to stress and arousal studies.
These difficulties arise, he states, though inconsistencies 
and ambiguities of meaning. A measure of stress is sometimes a 
description of the conditions causing the subject's reaction, e.g. 
a heat stress index, sometimes a description of some asnect of the 
reaction itself, e.g. change in alpha frequency in the EEG, and 
sometimes a performance change thought to result from the conditions 
and the reaction to the conditions, e.g. increase in errors on an 
inspection task.
Some clarification is possible by adopting the engineering 
convention of using stress in the sense of the stressor and strain 
for the reaction of the stresses* Parrot (1969) elaborated on this 
terminology and mentioned that in English engineering terminology 
stress refers more to the external force acting upon a system and 
strain refers more to the efforts this system has to provide and to 
the cost it has to pay in order to resist input stress forces. He 
thinks that strain in people appears particularly in some output 
variables such as an increase in internal temperature, heart rate, 
and sweating. A more dramatic example is heat collapse due to the 
breakdown of the thermoregulation or of water balance.
He summarises: stress as such is linked with strain; a
16
stimulus constitutes a stress for a particular system if a strain 
ensues within that system, in other words, under some threshold, a 
given factor may be stress only for those individuals in whom it 
results in strain.
The stimulus which causes a strain may be classified into two 
groups: physiological and psychological. Weybrew (19&7) prepared a 
detailed scheme. Briefly, the physiological group included work 
divided into heavy work and immobilisation, and environment including 
atmospheric, vibration, noise, and temperature. The psychological 
group included environment in terms of danger and confinement, and 
work in terras of information overload and vigilance. Sleep loss in 
terms of the circadian effect was classified in both groups.
Thus mental stress in not necessarily observable and similarly 
mental work, according to Leplat and Pailhous (1969)* is essentially 
non-observable which presents serious difficulties to the analyst 
who wishes to evaluate it.
They state that the notion of load is not very clear because 
there are two factors: the load, such as can be evaluated by object­
ive physical measures intended for mental tasks and the load for the 
operator. The measures for the first factor are expressed by Fassina 
(1969) for instance, in terms of information quantity or index of 
complexity. In the second factor, for a given index of a physical 
load there corresponds at different moments of training, or for 
different operators, different loads of work. This load expresses 
the degree of mobilisation of the subject and the fraction of his 
working capacity which he spends on the task.
The phenomenon of stress, according to Burgoyne (1975) is 
easily recognised but difficult to describe. Few people could offer 
a definition of stress that would meet with even a modest degree of 
general agreement.
He makes the following comments:
(1) People asked about their stress describe two kinds; firstly
experiences of mental discomfort and secondly physiological
17
manifestations of loss of appetite, sleeplessness, sweating, 
etc*
(2) The physical side of stress seems to he relatively well
understood hut it is not so clear what process sets off these 
physical reactions and how the psyochological aspects are to 
be explained. It seems likely they are closely related.
Other investigators have also commented on the imprecision 
of use of the'term and definitional arguments have been made by 
Cofer and Appley (1964), Appley and Trumbull (1967), Weitz (1970),
Kahn (1970), and McGrath (1970).
McGrath (1976) stated that there is a potential for stress 
when an environmental situation is perceived as presenting a demand 
which threatens to exceed the person's capabilities and resources for 
meeting it© These are under conditions where he expects a substantial 
differential in the rewards and costs from meeting the demand versus 
not meeting it.
18
1.3 Mental stress and the emotional theory
Friedman and Rosenman (1959) studied two groups; group A 
showed high competitiveness, quick thought and action, and 
consciousness over time and deadlines; group B was the reverse. It 
was found that group A suffered more than six times as many heart 
attacks.
1.3*1 Hormone Secretion
Another factor which caused the revival of the emotional 
theory was the discovery by Morris (1969) of how to measure emotion 
in terms of the hormones adrenaline and noradrenaline which are 
released under nervous stimulation.
The underlying cause of these reactions to emotional stress 
is apparently due to the fact that man has not changed significantly 
in either bodily or chemical form since the civilization process 
began according to Morris (1969)* Primitive man was endowed with 
automatically aroused chemical alarm systems which prepared him for 
fighting or fleeing. Modern man, in many cases, is unable to respond 
in a similar fashion to primitive man, thus an imbalance tends to 
exist between his physical and mental activity.
The emotional theory is based upon the assumption that if an 
individual indulges in a high level of emotional activity and a low 7 
level of physical activity the body chemistry is deranged and this 
becomes a major cause of heart disease, according to Carruthers (1974).
This theory is supported by medical evidence but there are 
other factors according to Mitchell, at an interview (1976). A 
further effect of increased stress response is that the stomach is 
retarded and the blood flow is restricted in the stomach lining.
Thus there is less resistance to high acidity, the stomach lining is 
irritated and an ulcer may develop.
Furthermore, he mentioned, the excess of cholesterol deposition 
also depends upon the existing level of cholesterol. For example, a 
high level at birth, in the region of three times the normal amount,
19
may cause death by the age of 30 years. Fat metabolism also is 
considered an important factor and there is conflicting evidence on 
arguments for and against involving diet. A typical case concerns 
the Danube Delta fishermen who exist on fatty fish, but apparently 
they do not suffer with coronary thrombosis.
A study involving the formation of ulcers in 11 executive” 
monkeys conflicts with the concept outlined by Mitchell. In this 
case, Brady (1971) proposed that ulcers are formed through an 
increase in the flow of the stomach's acid juices and a blood 
engorged stomach wall. This concept is supported by some studies on 
human beings conducted by Wolf S. and Wolf H. (I9*f2) and Sawrey and 
Weisz (1956).
1.3.2 Current Thought
Current thought on the emotional theory seems to be moving 
away from some well-established aspects of biological phenomena and 
accepted effects of mental stress. Some groups of workers in this
field do not agree entirely with many of the findings that are
published, in particular, Raftery (1976) at an interview. The 
differences of opinion hinge on such factors as terminology, extra­
polation of statistical evidence, the validity of samples, and
biological interpretation of effects, as explained by Kirk and Hamley
(1975) at an interview.
There are also opposing views on the validity of screening 
people for heart disease on a large scale. The main areas of 
controversy are associated with the setting of viable norms, 
individual differences, after-effects of the tests, the low percent­
age of positive results, and lack of definite proof that the disease 
will develop after a positive result, according to Pappworth and 
Wright (1976). In general Pappworth was for and Wright was against 
national screening.
The degree of mental stress felt and the actual mental stress 
occurring in the body at any particular time probably depends “upon a 
complex number of integrated factors such as mental health, domestic 
problems, physical needs, work load, interaction with other people* 
previous experience, education and training, and degree of intelligence.
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If any one or a combination of the factors is below a required 
level, a drop in -performance and an increase in energy cost is likely 
to result. It is also possible that in sufficient adverse situations 
the manager could become pathological, according to Levine (1971)•
1.4 Levels of Stress
Some of the main areas of stress levels that have received 
attention are:
(1) The effect of stress on mental performance including the 
ability to make choice reactions. This aspect was studied 
by Hick (1952)
(2) The presentation of stimuli at various rates to assess 
perceptual integration; studied by Edwards (1963)
(3) The degree of certainty in response time to information 
input. Hilgendorf (1966) conducted research on this aspect.
(4) EEG patterns associated with performance lapses in attention 
tasks; research was undertaken by Opton (1964).
(5) EEG criteria of fatigue after mental work, studied by 
Kiriakov (1964).
(6) The influence of massed and spaced practice on physiological 
adaptation to stress. Research conducted by Davis and Edwards 
(1965).
(7) Vigilance levels, studied by Gautier et al (1963).
(8) Distraction stress, reported by Kalsbeek and Ettema (1964).
(9) Mental task gradient in relation to cardio vascular change, 
reported by Gibson and Hall (1966).
(10) Arousal and task performance. Evidence submitted by McNulty 
and Noseworthy (1966).
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Some examples of stressful situations involving car drivers, 
train drivers, and aircraft crew are now given.
An experiment was conducted by Rutley and Mace (1972) to 
determine what heart rate changes can be measured in stressful 
situations associated with driving cars such as what differences in 
average heart rate exist at different road junctions, whether 
instantaneous changes in a driver's heart rate can be correlated with 
events occurring in his visual scene, and what effects the physical 
work load in driving has on a driver's heart rate*
It was assumed from many previous studies that H.R. rises when 
a person experiences mental stress. Such experiments as assessing 
mental work load in airline pilots were conducted by Ruffell Smith 
(1967) and similar studies with police drivers by Hunt et al (1968) 
substantiated this assumption.
Figures I and II show the graphs drawn from beat by beat heart 
rate for subjects M and D. Subject M has an average heart rate of 70 
-75 beats per minute with marked rapid fluctuations and Subject D has 
a high average heart rate of about 90 beats per minute and moderate 
fluctuations. Subject S (plots not shown) has a low average rate of 
some 60 beats per minute with smaller and usually less rapid 
fluctuations.
The effects of physical work involved in actually driving the 
car were accounted for by observing movements a driver makes whilst 
negotiating a motorway intersection and then repeating these on a 
test track during which time the loads were measured through variation 
of H.R. Figure III shows the H.R. rises with rate of working for 
Subjects M and S. Each point plotted represents one result but 
error in the calculations is possible. There is a fair degree of 
correlation between the weight lifting points and the simulated 
driving points. One of the largest heart rate rises occurs at the 
on-ramp where only a small amount of physical work is done by the 
driver, but at this point decision-making is more difficult because a 
suitable gap for joining the motorway has to be chosen.
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Figure I Langley Interchange - Subject M 
(Rutley and Mace 1972)
Figure II London Airport Interchange - Subject D 
(Rutley and Mace 1972)
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In Figure IV an example of the instantaneous H.R. changes for 
subject M is given during a simulated drive through a motorway 
intersection in a stationary car suitably modified to exert the 
various driving physical stresses.
The conclusions were that H.R. rises when drivers negotiate 
motorway interchanges through psychological stress as well as some 
physical driving stress. There is difficulty in distinguishing 
between these two components but it was thought that H.R. was worth 
pursuing as a measure of junction design.
Variation in the data suggests that results cannot be used to 
decide the correct number of runs required at the interchanges for 
this experiment. A sequential significance test conducted by 
Wetherill (1966) was thought to be an alternative.
There also seems to be a relationship between mean heart rate 
and periods of peak task loading. Typical studies which have 
verified this view have been conducted by Rowen (1961) during the 
X-15 research aircraft development programme, by Hashimoto (1964) 
during studies on train drivers, by Howitt et al (1965) who led a 
team to study Boeing 707 aircraft crew during civil flights, by Roman 
(1965) during flight research programmes on the X-1 5 and M-2 aircraft, 
and by Ruffell Smith (1967) during studies on civilian transport pilots.
These cases support the views that organic cost as a concept 
is measurable by physiological means, that a qualitative change occurs 
in physiological activity, and that there is a possibility that mental 
load changes may be indicated more rapidly by physiological measures 
compared with changes in system output.
Three reports in particular indicate the relevance of these 
views. Firstly, Rowen (1961) produced a report showing a definite 
relationship between heart rate response and peak task loading when 
the pilot is engaged on significant phases of launch, burn out, and 
landing the aircraft (Figure V).
Secondly, Howitt et al (1965) studied an aircraft captain's 
heart rate for sixteen scheduled transatlantic flights and the
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characteristic feature of the recordings was that higher rates 
occurred during take-off and on landing. The peak during landing 
usually exceeded the take-off values. An example is given in Figure 
VI.
Thirdly, Roman (1965) recorded heart rate during 37 flights in 
high performance aircraft. It appeared that physical risk or danger 
were not the primary causative factor in producing high heart rates, 
but that responsibility or responsibility coupled with risk were more 
potent factors. It was recognised, however, that responsibility is 
difficult to define clearly and that it encompasses many variables.
The results for all pilots in control of the aircraft were 107.8 beats 
per minute as against their rates as passengers of 88.6 beats per 
minute. In all cases the heart rate as Passenger was significantly 
lower than the heart rate for the same pilot while he was in control 
of the aircraft.
Another test employed by Rapp et al (1^65) was conducted on a 
motor racing driver during trials on a racing circuit. Heart rate 
rose to 120-165 beats per minute and these rates were maintained for 
one to two hours. These readings were low compared with Carruthers 
(197*0.
1.5 Managerial Stress
A further example of a stressful situation which was examined 
and measured by physiological means is given by Schhcke et al (1972).
A group of 27 leading executives between the age of 37 to 6k years 
were examined from 0800 hours to 1700 hours by continuously monitoring 
their heart rate.
The results are given below:
(1) The profile of the heart rate showed a peak at the beginning 
and at the end of the 6 hour examination period. During the 
second to third work hour there was a plateau with a heart rate 
at 83/min. The amplitude of this cycle was about 10 heart 
revolutions per minute. It was independent of age, time of the 
last professional promotion or cardiocirculatory factors of 
risk.
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(2) The distribution of the heart rate/5 min was nearly bell­
shaped with a concentration between 80 and 90 beats/min and
a variation from 60-130 beats per minute. The distribution of 
the mean values of the maximal and minimal heart rate/ 5  min 
showed a deviation of the concentration of 10 beats/min to 
the right respectively to the left.
(3) The dependence on the age was shown by the increase of the
mean heart rate (10 beats/min) on the persons under the age of 
50 years as opposed to those at the age of more than 50 years. 
The group of the younger managers showed a mean heart rate of 
90 to 100/min during 75% of the working day. The older ones 
had a mean heart rate of 80/min during two thirds of the 
examination period. Maximal values of the heart rate (^120/min) 
were observed during 3-5$  of the monitoring.
(4) The group of promoted managers showed a profile of the heart
rate with a level of 3 + 2 beats/min above the profile of the 
whole group. The persons with cardiovascular risks had the 
greatest deviation range per 5 min (x —  s = 43.6 —  13.0/min).
During an interview with Schacke (1976) he stressed the 
importance of a trend line indicating heart rate increase in a slight 
upward curve in order to assess overload; the angle of the slope 
representing the degree of overload. He agreed that scale is one of 
the basic problems and that the effective use of statistical analysis 
utilising the histogram, minimum, maximum, median, and the regression 
line is helpful in analysing a stressful situation.
He also mentioned that there is a tendency to ignore allowances 
for physical activity, circadian rhythm, and other environmental 
conditions, and to concentrate on trends alone.
Another typical study on managers was conducted at the Goddard 
Space Flight Centre by McQuade (1972). The results showed that 
management jobs carried higher risks of coronary heart disease 
compared with the jobs of engineers and scientists. Whatever their 
assignment, the managers as a group had higher pulse rates and blood 
pressures, and smoked more than the engineers and scientists.
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According to the medical records, managers suffered almost three 
times as many heart'attacks as either the engineers or scientists, 
and the rise in serum cholesterol, blood sugar and blood pressure 
among ground managers was much greater during manned space flights 
than during flights of unmanned space satellites.
1.6 Stress in Hotel Management
A thorough investigation of current literature was carried
t
out in order to ascertain any information about similar research 
projects involving stress in hotel management. Unfortunately nothing 
of particular relevance was discovered.
Physiological measurements of stressful situations within the 
field of hotel management seem to offer potential for further 
exploration.
1.7 The Measurement of Mental Stress
To reason about mental work Kalsbeek (1968) stated that it is 
necessary to be able to decide upon suitable units to express 
objective mental load, utilise an instrument capable of giving various 
doses of these units, and use physiological or psychological 
parameters of mental work load.
According to Fitts (1961) there are at least eight factors 
which usually have an adverse effect on the skilled performance of 
mental work.
Measurement of these factors has been undertaken by a number 
of investigators. For example Opton in 196*f examined EEG patterns 
as a function of subject age in an attention task and formed 
relationships which were reliable.
Many other measurements have been employed including heart 
rate, oxygen uptake, galvanic skin response, palmer skin inductance, 
blood pressure, myograohy, and critical flicker fusion. These have
been used by Benson et al (1965), Davis and Edwards (1965), Gautier 
et al (1965), Gibson and Hall (1966), Kiriakov (196*0, and McNulty 
and Noseworthy (1966).
A brief survey of the suitability and use of various dependent 
variables is now given to determine the most suitable means.
Experiments with dynamic work by Kalsbeek (1968) showed a 
rise in the heart rate level and suppression of sinus arrhythmia, 
see Figure VII. The scoring method is shown in Figure VIII. 
Laboratory experiments according to Kalsbeek (1971) indicate that 
an increase in mental load is reflected by a decrease in the scored 
irregularity of heart rate pattern, and that suppression of S.A. is 
an objective measure of whether the person is only hearing or 
actually listening when subjected to certain tests.
Some experiments by Opmeer (1969) have shown that respiratory 
rates provide a better measure of mental load above a heart rate of 
130 beats/min when compared with S.A. It was also found by Krol and 
Opmeer (1969) that emotional load is difficult to vary systematically 
both S.A. and H.R. differentiating between levels of emotional stress 
The suggested conclusion was that with emotional stress (information 
handling'and physical load being at a minimum) as the independent 
variable, the differentiating power declines respectively with H.R., 
S.A., and respiratory rate.
The validity problem is difficult to solve when attempting 
to scale tasks with due regard for mental load. One aspect that 
emerged from experiments conducted by Kalsbeek (1971) was that 
significant scores on recording S.A. were not found during obviously 
different conditions of mental workload.
The energy requirements for certain jobs may be estimated by 
measuring food intake, oxygen uptake, body temperature, or pulse rate 
according to Lundgren (19*1-6).
He claims that of the four methods, heart rate is the easiest 
to measure and it does not inconvenience or distract the operator to 
any great extent. Another advantage is that oxygen uptake
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corresponding to a given heart rate can be easily calculated as there 
is, it is often claimed, a straight line correlation between the two 
measures in the steady state of work; thus all that is necessary is 
to measure the heart rate/oxygen relationship in the test subject 
before the experiment commences.
An experiment conducted on this basis was carried out by 
Poulsen and Asmussen (1962) to ascertain the energy requirements of 
operators on light work such as seated jobs: typewriting, sawing in 
steel, operating a punching machine and assembly work, and standing 
jobs: operating a turret lathe, a drilling machine, and planing wood.
The use of heart rate to predict energy cost has also been 
examined by . Asmussen and Christensen (1939), Asmussen et al (1939)* 
and Berggren and Christensen (1950).
Although they agreed that heart rate is a good predictor, 
certain reservations against its general use were mentioned. For 
example it was found that unless controlled conditions were applied 
the index is not strictly valid. Furthermore, some research under­
taken by Malhotra et al (1963) has shown that the relationship 
between heart rate and energy consumption differs for each individual 
and that a critical point is reached with heart rate (95 beats/min) 
which directly affects regression analysis.
1*7.1 Pulmonary Ventilation
The three measurements of pulmonary ventilation are now 
discussed as an alternative to using heart rate.
It is claimed by Sharkey et al (1966) that ventilation rate 
is a more accurate predictor of oxygen consumption and hence energy 
expenditure when compared with heart rate as a predictor.
The exercise conducted for this purpose by Sharkey was very 
limited, however, and involved only four subjects. Considering the 
number of tests and the fact that the percentage error is positive 
in all cases the validity of the research findings is suspect.
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Normally the errors occur each side of the regression line thus there 
should be a distribution of positive and negative figures.
Figure IX illustrates the regression equations and they 
certainly indicate that the percentage errors are less for ventilation 
rate compared with heart rate.
The second main measurement involves pulmonary ventilation 
related to tidal volume or depth of breathing. This method was 
proposed originally by Durnin and Edwards (1955)* They calculated 
regressions between minute ventilation and energy expenditure and in 
the following years several other investigators established similar 
regressions: Sartorelli (1956), Ford and Hellerstein (1^59)♦ and 
Malhotra et al (1962).
Further research however, tended to apply limitations on these 
simple methods of calorimety, as evidenced by Ramanathan (1964) who 
mentions that unfortunately some error may appear in using the 
ventilatory minute volume as a yardstick for oxygen consumption.
Such error could occur because the assumption is made that the 
extraction of oxygen from the blood by tissues is constant whereas 
in fact there is no guarantee of this. Furthermore the extraction of 
oxygen from the air should not vary and the stroke volume of the heart 
should be steady otherwise discrepancies in analysis will result.
The third measurement, Oxygen uptake, is probably most popular 
of the three when employed to discover the amount of energy expenditure 
involved in a workload because some of the latest techniques dispose 
of the Douglas bag (1911)• Instead the gas is fed directly into a 
small metering device which analyses the oxygen content on a 
continuing basis. Typical devices which still utilise a collecting 
bag are the -portable gasmeter developed by Kofranyi and Machaelis 
(1941) and the integrating motor pneumotachograph (IMP) designed by 
Heinz Wolff (1958).
A typical example utilising oxygen uptake was conducted on 
dustbin loaders by Bonjer (1969).
Various types of loading systems using different loading heights
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Be grcaaion Predicted O, Actual O, Percentage
Subject equation Task Bate consumption conuumpticm error
P ulse R A TS
L.P. Yo — 0*023X—0*078 T + S 130 2\772 l/min. 2*452 11*64
- C 143 2*611 2-330 8*23
HC 137 * 2*473 1*754 £907
15.B. . Y e—0-04x—2*611 * T + S 133 2*709 1*657 38*83
C 134 2*749 2*376 8*29
11C 150 3*389 2*156 30*38
U.S. Yo —0032X —1*48 T + S 127 2*004 !*8‘5 - - 30*30
c 120 2*380 ' 1*677 29*54
I1C 113 2*150 1*694 21*43
J.L . Yo~0-038X-2*3CG T + S 130 2*574 2*393 7*03
C 132 2*050 2*139 19*23
HC 133 2*784 1*876 32*13
V k n t i l a t i o x  r a t *
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C 43*00 2*675 2*452 8*34
HC 30*39 2*353 1*754 25*62
B.B. Ye — 0*07+0-050X T + S 30*04 2*052 1*057 10*25
O 43*02 2*366 2*478 8*88
HO 30*01 2*001 2*156 17*11
B.H. Yo —(M 38+0013X T + S 41*82 2*235 1*813 10*85
0 37*27 2*061 1*077 >8*03
HO 33*34 1*000 1-G04 10*84
J  ,L . Y o - 0-323 j*0-052X T + S 41*40 2*478 2*303 3*43
O 41*77 2*407 2*139 14*34
HC S0-0Q 2*358 1*878 20*44
Trirtkm T + S  *« tre a d m il l+  *ttilIo c u u trn r t i im iO  ^ c y c l in g  u rgum otor; H O  —hum l-em nk ing .
Figure IX Regression equations, and predicted and actual 
oxygen consumption values (Sharkey et al 1966)
35
were examined using heart rate and oxygen uptake as measurements of 
energy' expenditure. The relationship between the two measures and an 
indication . of the optimum height for minimum energy expenditure is 
shown in Figure X.
1.7.2 Acceptable norms for Heart Rate
The definitions often used for the various aspects of heart rate 
or pulse rate'were suggested by Karrasch and Muller (1951)*
(1) Resting pulse rate: average pulse rate before work (60 pulse/min).
(2) Working pulse rate: average pulse rate during work.
(3) Work pulse: difference between the resting pulse and the 
working pulse rate.
(4) Total recovery pulse: total number of beats from the end of the
work to the end of the recovery period.
(5 ) Total work pulse: total of pulse beats from the start of the
work to the end of the recovery period.
Further criteria for the critical examination of work loads 
were suggested by Christensen (1964):
Physical Work Load Heart Beats (beats/min)
Very low (resting) 60 - 70
Low 75 -100
Medium 100 -125
High 125 -150
Very High » 150 -175
Extremely high (sport) over 175
From the evidence submitted above on various measures of stress 
it was decided that the most suitable dependent variable for the study 
is heart rate. Sinus arrhythmia was considered unsuitable because of 
the validity problem in attempting to scale tasks with due mental load
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(Krol and Opmeer 1969)• From research undertaken by Lundgren (l9-if6) 
it seemed that food intake measurements, oxygen uptake, and body 
temperature methods tend to inconvenience or distract the subject so 
these were also rejected.
1.8 Questionnaires
An additional assessment of stress was required to ascertain 
personal details of the subject and to determine any feelings of stress 
during the research.
The three basic methods of collecting data of this nature 
according to Ilersic (1932) are:
(1) The investigator conducts a personal interview. This technique 
was used by Professor Zweig (19^8) who personally interviewed 
kOO people.
(2) The investigator delegates to selected agents the task of 
interviewing using a standardised questionnaire and providing 
explicit instructions as to the mode of completion and the 
information to be elicited.
(3) A questionnaire is designed and sent, to individual informants 
chosen by the investigator.
The formulation of questions for an interview or questionnaire 
is an art according'to Noelle Neumann (1970) and Payne (1931) who 
recommend that researchers must depend on rules of thumb and past 
experience more than empirical data.
It was decided to conduct personal interviews using a 
standardised questionnaire in accordance with the formulation and 
sequencing of questions recommended by Bouchard (1976). Some 
reservations must be borne in mind, however, according to Luczak 
(1977) who studied flight controllers at Frankfurt Airport in 1963*
iHe felt that personal bias of the subject is likely to affect his 
answers, for example, if asked whether stress was experienced the
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answer could be positive if an increase in salary is being demanded.
He used the question-answer technique and stressed that the answers 
should be treated with care and not taken as definite proof.
1.9 Objectives
It was decided from the above evidence of managerial stress, the 
measurements of mental stress examined, and the lack of research into 
stress in hotel management, that the study should concentrate on 
hotel administrative managers.
The aim is to assess the degree of mental stress in hotel 
administrative management by using heart rate as a predictor and to 
record personal details of the subjects by completing a questionnaire 
at an interview. Further observations of the subject will be 
recorded during the study if it is considered necessary.
The results will be analysed to see if correlation exists 
between certain specified managerial activities and variations in 
heart rate. Further analysis is considered necessary to see if H.R. 
cycles or gradients may be located.
Three subjects in other occupations will be studied to compare 
results in addition to about twelve hotel managers. All will be 
selected from the local area telephone directory.
Before commencing the study a literature servey will be 
undertaken to assess other techniques and to determine other factors 
which should be taken into consideration during the discussion of the 
results and in the conclusions.
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2. OTHER FACTORS AFFECTING HEART RATE
2.1 Introduction
There are some factors that could affect the heart rate 
recordings other than those due to mental loads occurring during the 
working day. These are now discussed and according to writers 
mentioned below they include the actile period, arousal, orientation 
reaction, circadian rhythms, age, and environment aspects.
2.2 The Actile Period
Even highly motivated people find that after a certain length 
of time they require a break from an activity. Some of the suggested 
reasons by Murrell (1962) for this phenomenon are:
(1) That there is a feeling suddenly that a build-up of
resistance has occurred which demands a break;
(2) that concentration on the task becomes more difficult,
and
(3) that a feeling of overall fatigue occurs.
The period between commencement of the task and the'loss of 
concentration or whatever is sometimes called the actile period 
according to Murrell (1962). Recognition of the end of the period 
may occur in many ways such as a sudden deterioration in performance, 
loss of concentration, pauses in work, misinterpretation of 
instructions or indicators, and a fall in output. This change is 
often called fatigue or boredom in the industrial situation.
Evidence tends to show that if a break in the workload or a 
rest is arranged at appropriate times, the result should introduce 
a new period of optimum activity.
In the case of work which is continuous and repetitive there
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are some famous studies in light exertion which requires a low 
perceptual demand. Considering the duration of the work Wyatt and 
Fraser, (1925)» conducted experiments on folding handkerchiefs and 
an approximate duration was calculated to be seventy minutes, but 
there were considerable individual variations.
A further experiment conducted by Wyatt and Langdon (1938) on 
semi-paced machine feeding suggested a pause after seventy to eighty 
minutes of activity.
A pause itself does not necessarily mean a rest. It can take 
the form of a change in activity according to research by Miles and 
Skilbeck (1923) such as delivering completed parts to a nearby site, 
collecting materials from the stores, or recording data associated 
with the activity.
The duration of the break is debatable. Some research has 
shown considerable variation in suitable times that give satisfactory 
results. In one case the work period was divided into three parts of 
fifty minutes each with a five-minute spell between each part. The 
result was an increase of 10.1$ when compared with a previous arrange­
ment of one break of ten minutes which resulted in a 5 -2$ increase. 
These tests were carried out by Wyatt and Fraser (1925)•
Similar findings of this nature were found by Murrell and 
Forsaith (1963), and Burnett, (1925)*
Another experiment conducted by Jones (1919) involved the use 
of spontaneous rests. The findings were 16 pieces per hour during 
spontaneous rests, 18 pieces per hour when working for 25 minutes and 
resting for 5 minutes, 22 pieces when working for 17 minutes and 
resting for 3» and 25 pieces when working for 10 and resting for 3*
2*3 Arousal
The psychophysiological approach to arousal is associated with 
the concepts propounded by Cannon (1929) when bodily changes were 
observed during subjection to certain stresses such as fear, rage, 
pain, hunger, thirst, and various forms of emotional excitement;
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and the research conducted on brain stem reticular formation and 
activation of the E.E.G. by Moruzzi and Magoun (1949).
It is often argued that all variations in behaviour may be 
attributed to variations in either the direction of behaviour or in 
the intensity of behaviour. This degree of intensity is normally 
referred to as arousal and according to Duffy (1957) is best indicated 
by the use of a combination of measures which include skin resistance, 
muscle tension, E.E.G., pulse rate, and respiration.
The degree of alertness (arousal) is often described as a 
continuum of central neural excitement ranging from a base point of 
low excitation which occurs during deep sleep and comatose states to 
high excitation in very alerted states. Duffy (1941) originally 
propounded this concept and she presented further evidence to support 
this contention in 1951 specifically for skin conductance, muscle 
tension, and E.E.G. Lindsley (1952) supported this concept as it 
applies to E.E.G.
2.3.1 Heart Rate and Arousal
A typical experiment involving arousal theory and heart rate 
was conducted by Belanger and Feldman (1962) to explain the observed 
effects of deprivation and external cues on behaviour using rats as 
subjects. A group of rats was trained in a Skinner box to depress a 
lever for water reward; they were then deprived of water for 24, 36, 
48, and 72 hours and the rate of lever-depressions for water measured 
along with heart rate. Ill effects of deprivation were reduced by 
interspersing the deprivation periods with 4-7 day periods of complete 
drinking freedom. Figure XI shows the relationship between length of 
pre-trial water deprivation and lever-pressing and Figure XII shows 
the relationship between length of pre-trial water deprivation and 
heart rate during lever depressions. These findings indicate that 
arousal appears to depend upon internal determinants and external cues 
based upon learning in this experiment.
It was stated that the curvilinear relationship has an inverted 
HU,f form as the lever pressing increases at first and then decreases.
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The author was not convinced and decided to run the plots through the 
computer to find the lines of best fit. The results are given in 
Figures XIII and XIV, thus indicating a power function with heart 
rate and a hyberbolic function in lever-pressing which would appear 
to show a high correlation in curvilinear relationship, according to 
the information available. It should be noted, however, that heart 
rate varied considerably during the experiment, going from 342 to 
537 heart beats per minute in one group of rats. Also there were 
large individual differences.
A further experiment was conducted by Ducharme (1966) which 
was basically the same as that carried out by Belanger and Feldman. 
That part associated with the use of a Skinner box produced similar 
results. Arousal therefore seems to rely upon both internal 
determinants and external cues, which were acquired through learning 
in these two exercises.
2.4 Orientation Reaction
A new stimulus which involves a change in the surrounding 
environment immediately causes an "investigation" or "what is it?" 
reaction. This effect is often called orientation reaction, 
according to Lynn (1966). The reflex which causes immediate response 
produces a number of internal physiological changes:
(1) Heart rate slows. This phenomenon is the opposite to
normal expectation. Generally heart rate increases 
when a task is performed according to experiments 
conducted by Lacey (1959) and Notterman (1953)*
(2) Sense organs increase in sensitivity.
(3) Skeletal muscles change to direct the sense organs.
(4) Skeletal musculature changes include an increase in 
electromyographic muscular electrical activity.
(5) E.E.G. develops a faster and lower amplitude activity.
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(6) Galvanic skin reaction occurs.
(7) Respiration rate suffers a delay and then increases in 
amplitude and decreases in frequency according to research 
by Davis et al (1955)•
2.4.1 Stimuli causing Orientation Reaction
Berlyne (1960) tabulated the characteristics of stimuli which 
cause orientation reaction as follows:
1. Novelty 5*
2. Intensity 6.
3- Colour 7.
4. Conditioned stimuli
2.5 Circadian Rhythms
Changes in the sleep/waking cycle dependent upon age were 
studied by Kleitman (19&3) the results are illustrated in Figure 
XV. The smaller waves in the traces show a basic rest/activity cycle 
which is noticeable throughout the 24 hours. The average length of 
the adult cycle is about 80-90 minutes.
The importance of Kleitman's work (1963) in the study of 
arousal states is often related to man's ability to adapt the phase 
of the circadian cycle to suit shift work. Studies of the cycle also 
indicate that arousal states conform to a pattern related to body 
temperature and performance according to Colquhoun et al (i) (1968).
This experiment was based on two-point rating means and Figure XVI 
indicates the shape of the curve derived from 59 young men whose oral 
body temperatures were taken at two-hour intervals throughout 24 hours 
on two separate occasions. These recordings indicate a peak in the 
mid-evening but other recordings by Blake (19&7) show that the peak 
may occur anywhere between noon and late evening dependent, it seems, 
partly upon the individual's personality and social habits.
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figure ~XX—  Schematic representation of change in
sleep/waking cycle. Shaded areas indicate 
- sleep.
(Kleitman 1963)
Figure XVI Oral body temperature of 59 subject at
twenty points of the 24- hour cycle.
(Colquhoun et al 1968)
Figure XVII - Co^variation of oral" temperature and serial 
reaction^ time during the 24- hours. Speed 
of reaction is expressed as a percentage 
of the average over all subjects in all 
conditions. The continuous line is oral 
temperature; the dotted line is the 
reaction time score.
(Kleitman 1965)
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Figure XVII illustrates a typical composite performance curve 
which was recorded by Kleitman (19&3) showing the co-variation of 
oral temperature and serial reaction time during 24 hours, the 
correlation being +O.89. Other experimentsc£a similar nature have 
tended to coincide with these results, but studies where the effect 
of time of day was controlled by examining the temperature and 
performances'correlation separately at each measurement point of the 
day or night, reduced the correlation to almost zero, according to 
Rutenfranz et al (1970). Thus it would appear that an unknown factor 
which varies in sympathy with the circadian cycle carries body 
temperature and some performance aspects along with it.
A well-known laboratory experiment of adaptation of the circa­
dian rhythm of body temperature and performance involved the traditio­
nal British Naval System of rotating four-hour watches requiring three 
men per station with a proposed one in which two men worked stabilised 
five or seven hour shifts. This experiment was conducted by Wilkinson 
and Edwards (1968).
Figure XVIII illustrates the hours of work involved and Figure 
XIX shows the adaptation from first to fourth three-day period.
Although a complete inversion of body temperature was not apparent, 
a flattening of the normal curve involving a definite raising of the 
level during the hours of night work was recorded.
Experiments involving the body temperature/performance 
relationships over 12 days to two four-hour shifts as people adapted, 
showed progressive but incomplete adaptation according to Colquhoun 
et al (ii) (1968). Figure XX illustrates the data recorded.
A similar situation occurs in time zone transition when 
people are transported rapidly from one part of the world to another 
involving a change of up to twelve hours out of phase. Such changes 
are ideal for conditions of adaptation and a typical experiment was 
conducted with twelve experienced pilots by Klein et al (1970).
Figure XXI indicates the rapidity of adaptation and the studies 
qualify as a long duration exercise.
The general findings of studies indicate that within a week or 
even less people can cope with a phase shift in the circadian cycle
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Figure . XIX Adaptation of body temperature from first 
(dotted line) to fourth (continuous line) 
three day period in a 12 day programme of 
work on a stablised two-man Naval Watch 
system or a rotating three-man system.
(V/ilkinson and Edwards 1968)
Figure ' XX'li Progressive but incomplete adaptation to 
night shift working: twelve days of 
working from 22.00 to 06.00 hours every 
day.
(Colquhoun et al (ii) 1968)
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Tho effects of time displacement on the phase of the circadian 
ihylhm of pilots' pcrfatmsr.co in a sirr.uictor
pro-flight rhythm (cxtrapola'.cdintopost-Risht period) . ..performanco rhythm as measured
--------------------- , post-flight (local) rhythm
Figure XXI ... Adaptation of pilots* simulator performance
to phase shift following a flight from 
Germany to U.S.A. (top half) and back 
(bottom, half). The heavy continuous line 
represents time measurements, the dotted 
line shows where the normal (pre-flight) 
rhythm would have fallen had it continued 
during the post-flight days.
(Klein et al 1970)
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and almost completely adapt themselves to the new situation if the 
external surroundings change in step. If the surroundings do not 
change, however, only partial adaptation occurs even over two weeks.
Such conclusions are particularly important when shift work is 
considered. Many of the systems in current use, it is often claimed, 
are bad for output and health especially when related to the amount of 
sleep lost. This is substantiated by Wilkinson (1965) and Wilkinson 
et al (1966).
The state of physical and mental health is also said to be 
lowered although there is some conflicting evidence given by Taylor 
(1967) and there is also evidence that motivation suffers through 
working during periods when social activities are usually occurring 
according to Wedderburn (1967).
So far the findings indicate that temperature rhythm can only 
be flattened slowly, thus a fixed night shift could be more beneficial 
to workers who would live permanently on an inverted sleep-waking rou­
tine, as suggested by Colquhoun (1970)* It was recognised, however, 
that such an arrangement is not socially acceptable.
An experiment conducted by Adams and Chiles (1961) involved 
two teams of men (eleven in all) who were isolated in a special 
chamber simulating a kind of space vehicle for fifteen days. The men 
alternated four hours of work with two hours of rest throughout the 
period. The variation in heart rate is given in Figure XXII which 
indicates an average variation of heart rate on a daily basis of 4-5 
beats per minute. Peak heart rate appears to be at around 15*00 hours.
2.6 Heart Rate Changes with Age
The relationship between physical work and heart rate with age 
is linear and comparatively large according to Borg and Linderholm 
(196?)* Four age groups of lumber workers were studied and the mean 
pulse rates in relation to ratings of perceived exertion were plotted, 
see figure XXIII,
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Figure XXII_ Average performance of eleven subjects 
during a fifteen-day confinement in a 
space vehicle simulation chamber.
(Adams and Chiles 1961)
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Figure XXIII Lumber workers' mea.ii pulse rate in 
relation to ratings of perceived exertion, in four age 
groups.
(Borg and Linderholm 1967)
2-7 Environmental Aspects
It is suggested that high temperature can affect performance, 
for example, if the effective temperature passes beyond 27° to 30°c 
skill performance deteriorates sharply. Research in this field was 
undertaken by the Applied Psychology Research Unit at Cambridge 
according to Mackworth (1950) and by the R.N. Tropical Research Unit, 
Singapore mentioned by Pepler (1958).
Furthermore low temperature affects manual dexterity. A rapid 
fall off in performance occurs below 10°C, according to McFarland et 
al (1954) and tracking performance is impaired for long periods such 
as thirteen hours and short periods, half-an-hour, when an individual 
is subjected to an ambient temperature of 11.5°C, in tests conducted 
by Teichner and Wehrkamp (1954) and Teichner and Kobrich (1955)•
Research by Vernon and Bedford, (1927), into coal mining 
conditions indicated that a slow but steady increase in the time 
taken to fill coal trucks occurred as the effective temperature 
increased from 19° to 28°C.
In the previous year Wyatt et al (1926) conducted research in 
a weaving factory and the findings showed that the average hourly 
output by pick-count on 44 looms dropped from 7,165 at 24°C to 6,852  
at 27°C.
There is also information on studies undertaken in a" bicycle 
chain factory where the time taken to complete a task increased by 12# 
when the temperature dropped from 17*5° to 10°C. These studies were 
undertaken by Bedford (1940).
Accident rates also seem to fluctuate with temperature changes. 
For example Osborne and Vernon (1922) demonstrated that there appears 
to be an optimum of 19° to 20.5°C and each side of these figures 
accidents increase. This effect was confirmed by Vernon and Bedford 
(193*1) when it was related to the age of coal miners who, regardless 
of age group below a temperature of 21°C, showed little change in 
accident rate, but it was found that older men of various age groups 
were adversely affected by higher temperatures.
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Christensen (1955) studied the effects of humidity. He 
mentions that in conditions of high humidity the body has greater 
difficulty in evaporating sweat, thus work becomes more difficult as 
the heat is mainly convected. Warm-moist processes occur in textile 
mills, dye factories, laundries, and many other different factories.
A body temperature rise in such circumstances above 1°C may 
lead' to severe distress and heat' stroke. Symptoms include an increase 
in heart rate, a rise iii skin temperature and an increase in blood flow 
to the surface of the skin. The individual feels very thirsty, and suffers 
with lassitude and faintness. In older men the increase in heart rate 
is very noticeable through an impairment of the cardio-vascular 
function.
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Acclimatisation to such conditions in time allows individuals 
to withstand the change. Experiments associated with measurement of 
temperature and humidity effects have, in general, used heart rate 
and oxygen uptake. It was also claimed by Christensen (1953) that 
radiant heat does not affect the number of calories consumed to any 
extent during a particular physical task, therefore the use of oxygen 
uptake alone would not be viable. Heart rate does increase, however, 
which indicates the effect and substantiates the claim that in these 
circumstances the usual relationship between heart rate and oxygen 
uptake will not apply.
An increase of 15 beats per minute is sometimes quoted as 
being acceptable for the effect of heat load on a given task. The 
pulse recovery sum can also be used as an indicator according to 
Muller (1959-60), and the pulse recovery time taken during rest periods 
shows the duration of recovery time which also illustrates the effect 
as mentioned by Brouha (i960).
A more accurate method is the use of deep body temperature. 
Experiments have been conducted by Lind et al (1957) and Lind (i960) 
using a rectal thermometer. A radio pill which is swallowed and then 
transmits inner body temperature for a limited time period has also 
been successfully used. This pill was invented by Wolff (1961).
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Attempts have been made to express in terms of a single index 
the parameters which contribute to heat stress. These parameters 
have included temperature, humidity, and radiation from surrounding 
areas during research undertaken by Houghten and Yagloglou (1923)*
Such an index is often called the effective temperature.
Similar studies on temperature were conducted by Bedford (1936) 
in various industries such as paper bag manufacturing, aircraft prod­
uction and dressmaking. He claimed that most workers were satisfied 
and worked with high efficiency at 64° - 66°F. There was also a 
tendency for accidents to increase below the range 65°- 69°F.
All the above research work on environmental aspects indicates 
that although considerable variations in temperature and humidity 
affect skill performance, manual dexterity, output levels, accident 
rates, and physical discomfort, modest variations have little or no 
effect. This is substantiated by Mackworth (1950), McFarland et al 
(1954), Vernon and Bedford (1927)* Wyatt et al (1926), Bedford (1940), 
Osborne and Vernon (1922) and Christensen (1953)*
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3 . FURTHER FACTORS FOR CONSIDERATION
3.1 Introduction
Additional reading was undertaken to discover whether other 
areas of research would be of relevance to heart rate analysis in 
terms of control checks on accuracy and comparative data.
The main areas which proved to be useful were energy expendit­
ure research, heart rate variations with work load, unrelated dependent 
variables, the value of negative results, probable effects of increa­
sed heart rate, and the emotional theory, according to the writers 
mentioned below in each section.
Although further interpretation was needed before comparisons 
were possible in the case of energy expenditure, the results did 
coincide with the previous research as mentioned in Chapter 8, 
section 8.1. Each factor is now discussed.
3*2 Energy Expenditure
Energy expenditure on particular jobs studied by Singleton 
(1972) is estimated to be:
1 Kcal/minute = complete rest
2 it 11 *3 office work
3 it i» sa driving
4 11 11 = machine tool operation
5 ti t i = average walking (limit for
- man working eight hours a <
continuously)
6 t i 11 = shovelling earth
7 tt it = hammer forging
8 it 11 ss pulling rickshaw
9 11 11 ss steel-works slag removal
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Considerable research has been conducted on the question of 
how much energy should be allowed for an individual’s diurnal 
activity and how much for his work load during the day. Studies 
have shown that there is a wide variance between individual needs; 
for example, army cadets were tested by Edholm et al (1955) and the 
results varied from 1,500 to 7>000 Kcal/day for food intake when 
they were performing similar duties. Energy expenditure for the 
same group varied from 2,000 to 5,000 Kcal/day in tests conducted 
by Edholm (1957)-
Research in the USA by the Food and Agricultural Organisation 
of the United Nations (1949) provided for light work an average 
figure of 3»200 Kcal/day. Research in the UK by Garry et al (1955) 
revealed an average of 2,800 Kcal/day for clerks and in the same year 
an average of 3»600 Kcal/day for coal miners. Further research by 
Lehman (1958) and Edholm (1957) bas indicated that an average 
expenditure of 2.8 Kcal/min for light work and 3-3 Kcal/min for 
heavier work is acceptable over a 24 hour period.
Estimates for the working day of eight hours are 4.17 Kcal/min 
plus 1 Kcal/tam for basal metabolism according to Lehmann (1958) and 
a total of 5-21 Kcal/min according to Passmore (1956).
It is not always clear in some literature whether or not basal 
metabolism of about 1 Kcal/min has been included in the calculations. 
Furthermore, some research work has ignored the weight differential 
of various individuals undergoing tests. Although the error is not 
likely to he large in very light or static work it should be taken 
into account for heavier work. For example at a walking rate of 
2 m.p.h. the energy expended is 1*9 Kcal/min for a body weight of 801bs.,
2.9 Tor 144 lbs., and 3-8 for 200 lbs; at 4 m.p.h. the expenditure is
3-5 Kcal/min for 80 lbs., 5.2 for 144, and 7.0 for 200. To allow for 
this error some results are given' in terms of Kcal/Kilo body weight or 
in Kcal/metre of body surface area, as illustrated by Murrell (1971)-
A conversion to interpret'the heart rate range from 65 to 95 
b.min on the nine point scale (1-9 Kcale/minute) of Singleton (1972) 
amounts to 14.5 b.min per Kcal/min on the basis of straight line 
correlation. This correlation also is applied in practise to oxygen
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uptake with heart rate according to Lundgren (1946).
The expectation on this basis in the study will be:
Complete rest 
Clerical work 
Driving
65-75 b.min 
76-9 0.5 b.min 
90.6-105.1 b.min
3*3 Heart?Rate Variations with Work Load
Two rough checks on the results of the study are possible 
by applying the findings of the investigations given below:
According to Singleton, (1972) for normal work (presumably 
physical or mental work) the heart rate should not rise by more than 
about 40 pulses per minute above the resting rate and the body 
temperature should not rise by more than 1°C above the resting 
temperature.
According to Muller (19&1) the total recovery pulse indicates 
the recovery period but another view given by Grand jean (1958) is 
that it should represent individual physical stress only as the term 
"fatigue" is generally reserved for all subjective sensations of 
fatigue.
On the subject of the optimum upper limit of stress, taking
into consideration pulse rate and the total recovery pulse, the
"definition proposed by Karrasch and Muller (1951) is: a work output 
in which the pulse rate does not continue to rise, which results in 
a return to the resting pulse rate within fifteen minutes at the end 
of the work period.
It follows therefore that during work output the energy 
consumption balances the energy supply and that the highest possible 
continuous output to complete these conditions is the optimum limit 
of performance for, say, an eight hour working day.
An acceptable optimum limit of performance apparently is
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reached when the average pulse rate during work lies thirty beats/min 
above the resting pulse rate.
3*4 Unrelated Dependent Variables
Chapanis (1969) stated that there is a high probability that 
in choosing dependent variables for an experiment the results will 
indicate conclusively that they are unrelated.
The implications are that great care is needed in selecting 
dependent measures and that careful study of the exact dependent 
measures used in other experiments is essential before arriving at a 
conclusion.
3*5 The Value of Negative Results
In applied research it is sometimes important to know that 
some things do not make a difference according to Chapanis (1969)* 
thus dependent variables may be chosen for their relevance to a 
practical problem rather than to establish significant positive 
results.
For example the effect of weightlessness in outer space was 
studied by Simons (1964) who experimented with psychomotor performance 
of operators in zero-g conditions. The negative results were proved 
to be correct later and helped considerably in the efficient design 
of space craft.
3*6 Probable Effects of Increased Heart Rate
Provided the heart is healthy its response to chemical changes 
induced by the pituitary and adrenal glands during periods of physical 
activity, physiological insult, and other similar stresses apparently 
is not harmful. However, its response to other kinds of stresses 
which are psychological in nature may be harmful. These stresses 
include conditions of fear, apprehension, anxiety, a loud noise, 
crowding, and exposure to a novel environment, according to Levine,
S. (1971)-
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3.6.1 The Emotional Theory
A further effect is associated with the risk of heart disease. 
Since Ancient Egyptian times various famous writers have recorded 
heart attacks which have been attributed to anger. A typical example 
is Harvey (1628) who gave logical proof that blood circulated round 
the body from the arteries to the veins under the action of the heart 
and who published a case history of a strong man who was so overcome 
with hatred because he could not take revenge that he suffered from 
pain of the heart and breast, resulting eventually in death.
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4. CRITIQUE
There is controversy over the true meaning of certain biological 
data and there is a tendency to use imprecise terms associated with 
stress. Thus the measurement and understanding of stress, although 
complex and widely studied, remains as an imprecise concept.
The problem of agreeing on a general framework for concept­
ualising stress which is aggravated by lack of comprehensive data 
remains, but some propositions are receiving more empirical support. 
Typical of these are the cognitive approach involving the individual's 
perception of the situation; the meaning of experience in terms of 
familiarity with the situation confronting the individual; the idea 
of reinforcement through past successes and failures; the inverted 
u-shaped relationship between the degree of stress and quality of 
performance; task differences related to stressor conditions; the 
effect of other people being present and influencing the situation; and 
the effect of the general environment.
Often the experimental criteria are chosen by the investigator 
who decides on the basis of cost, limitations imposed by the subjects, 
site difficulties, and the availability of suitable measuring equip­
ment. These restrictions consequently produce evidence of limited 
use, such as the employment of one predictor. In addition there is 
often the difficulty of transposing considerable amounts of research 
in military and space programmes into useful comparisons in industry 
and commerce.
When two or more measures of stress are employed, however, a 
dilemma arises if they disagree. Should the differences imply that 
some measures are not suitable or are these different patterns of 
response? Furthermore it is accepted that different individuals react 
differently to similar situations and that one individual may react 
differently to two different situations, thus seeking general 
relationships between stressor conditions and observed reactions to 
them is exceptionally difficult.
It seems that considerably more data and experiments are needed 
before any form of cross-calibration of levels in various stressor
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conditions can be attempted. At present it is not possible to 
compare one condition with another using any firm of "yardstick", 
therefore it is difficult to interpret stress as being a broad concept 
or as highly situation - specific. Validation becomes questionable 
in these circumstances in view of the small sample size often 
employed, the unknown effects of phenomena outside the control of 
the investigator, the artificial situation created by the study 
itself, and biassed opinions expressed when interpreting data to suit 
fashionable theories.
 The interpretation of' evidence on stress considering the above
mentioned comments becomes hazardous, extremely controversial, and 
often simply opinion based upon subjective instinctiveness.
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3 . METHODOLOGY
3.1 Pre-study Procedure
Hotels were chosen by random sample from the local Denham area 
Yellow Pages Classified Telephone Directory. Managers were telephoned, 
details of the study were explained, they were invited to participate, 
and any environmental or personal problems associated with the study 
were discussed. Appointments for interviews were arranged and 
accuracy checks on the equipment were conducted.
3.2 Study Procedure
The manager was interviewed and a standard questionnaire 
(Appendix X) was completed by employing the question-answer technique.
Heart rate was recorded on magnetic■tape using skin electrodes. 
The electrodes used were V-Trace, Ag/Ag Cl, EGG monitoring electrodes 
manufactured by NDM Corporation U.S.A. These were chosen because they 
were found to be most reliable over periods of eight hours. Others 
tended to become unstuck after a few hours.
The potential from the electrodes was recorded on magnetic 
tape in a miniature data-logging system which is described along with 
the circuitry in Appendix IX. This equipment was chosen because it is 
light weight and can be concealed easily on the body.
The electrodes were fixed to the chest and the H.R. recording 
apparatus secured to the waist. The apparatus was tested with pulse 
rate and stop watch, and resting pulse recorded for ten minutes.
The tape recorder was switched on, the time noted and entered 
in the activity diary, an example of which is given in Appendix XI. 
Observations were entered on a minute by minute activity analysis 
during the study period. Any personal details or relevant observations 
were also entered in the diary and the questionnaire as considered 
appropriate.
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At the end of the study period the apparatus was checked with 
pulse rate and stopwatch, rest pulse recorded for ten minutes, 
and switched off. The electrodes and apparatus were removed and the 
manager thanked for his co-operation.
5 .5 Post-Study Procedure
The tape recording was analysed and graphs produced from the 
analogue graphical output machine, details of which are in Appendix 
IX.
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6. RESULTS OF THE STUDY
6.1 Procedure
All the main activities which were recorded in the diary for 
each study are transposed to the subject graphs. A copy of the 
activities diary used for this purpose is included in Appendix XI and 
the coding for each main activity is given in Item 5 (a) below. The 
main subject graphs are detailed in Appendix I and these include the 
variations in heart rate for the whole of the study period.
The results were analysed into a number of categories: histogram, 
line graph, moving average graph, the range, main activities, heart 
rate: rest pulses analysis, resting pulses, and perturbations analysis. 
Details for each category are given at the end of this section after 
the summary of results within the chapter.
The results for the main study subjects, A to K, include 
personal details, heart rate graphs, histograms, and activity analysis 
tables. These are augmented with a histogram for all the main study 
subjects and smoothed curves to determine any distinct patterns.
Three comparative subjects were chosen and studied. Similarities 
in standard deviation and histograms between these subjeats and the 
main study subjects are given. Six further subjects were chosen at 
random for a public speaking exercise as a test of the effect of 
human presence and of mental stress; the results are tabulated and 
analysed. Finally the operational effectiveness of the equipment used 
during the study is examined.
Details for each category of the results for main study subjects 
are now given below.
(1) (a) Histogram
The frequency groupings to be arranged within the following 
limits:
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61 - 70 beats per minute
71 - 80 11 » *»
8 1 - 9 0  " " 11
91 - 100 11 " »
101 - 110 " 11 11
111 - 120 » " '»
(b) A summary table of histograms indicating a percentage 
for each frequency group.
(2) Line Graph
A minute by minute recording during the period of study. 
Coded activities to be included at appropriate intervals.
(3) Moving Average Graph
The moving average to be based upon the median of a 
29 minute period at the start of the study.
(4) The Range
(5) (a) Main Activities
These activities will be grouped into the following 
headings and coded as follows for recording purposes:
1 Outgoing telephone calls
2 Incoming telephone calls
3 Personal telephone calls
4 Meetings with a group
5
<Speaking with a peer
6 Speaking with a subordinate
7 Speaking with a superior
8 Speaking with a client
9 Dealing with clients' complaints
10 Reprimanding a subordinate
11 Dealing with domestic emergencies
12 Administrative duties
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13 Dealing with cash
14 Meals and breaks
15 Driving
(b) A mean heart rate for each activity will be calculated.
(6) Heart Rates : Rest Pulses Analysis
The student - 11 * distribution will be calculated to 
provide the degree of significance according to the 
value of ’t'. This 11 1 test illustrates how much the 
activity is different from the mean resting pulse.
Therefore it may be assumed that it is due to some 
factor which is most probably mental stress or mentalVactivity.
The formulae used for f t * tests are modified to allow 
for small samples. The student - t distribution was chosen 
because the shape of this distribution is similar to the 
normal curve inasmuch that it is symmetrical with zero mean 
but there is a slightly higher probability for getting values 
into the two tails at the end of the curve.
(7) Resting Pulses
For the purpose of calculating the * t1 distribution the mean 
resting pulse is based upon a number of recordings during the 
working day which occur when it is considered that the subject 
is relaxing and is not engaged in any recognisable physical or 
mental activity.
(8) Perturbations Analysis
The 1t' value for the pertubations will be calculated based upon 
the difference between each mean heart rate per minute and its 
related resting pulse and the concept of null hypothesis.
Thus the distribution will relate to the overbeats only and 
give an indication of their significance.
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The concept of null hypothesis was used as the 
basis for these tests of significance because it 
postulates that any differences between the samples 
drawn from the population arise only from random 
sampling errors, thus the true difference is nil.
The use of this concept indicates the degree of
validity of the results to such a point where it may
be assumed that the difference has not occurred by 
chance. Figure XXIV illustrates the method of 
calculating each difference on a minute to minute 
basis to arrive at the number of overheats.
6.2 Main Study Subjects
The results are given in Appendix I. Subjects are coded A to
K and the analysis sequence for each one is divided into the following
groups:
1. Personal details
2. Heart rate graphs
3. Moving average graph
4. Histogram
5. Activity analysis table
(abbreviations: H/S = highly significant, S = significant,
and N/S = not significant)
The main features of the results in total, namely the histogram, 
the frequency table, ranked standard deviations/personal details 
summary, and interlace graphs, are now discussed.
6.2.1 Histogram of Heart Pate Distribution
A histogram of the heart rate distribution for all main study 
subjects is given in Figure XXV. The ordinate represents the total 
number of minutes recorded for all the main study subjects and the 
abscissa is grouped into class intervals of 10 b/min for heart rate.


72
In summary Table II for all subjects the percentages for each 
heart rate group are recorded* The percentages indicate that heart 
rate group 81-90 forms the apex with 3 3*76# of the population and a 
standard deviation of 14.97&*
The ranked standard deviation for each subject based upon the 
histogram is shown in Table III along with a summary of personal 
details. The only correlation worthy of note is the two high value 
standard deviations for subjects F and G who both felt some stress 
during the study. All the other subjects experienced no stress, 
their standard deviations ranging from 5*215 to 11.806; whereas the 
standard deviation for subject F was 18.152 and for subject G, 20.620.
The standard deviation for ’all subjects' except subjects F 
and G is 10.188.
6.2.2 Smoothed Curves - Moving Average Heart Rate
The lines on the Main Study Subject Graphs were smoothed and 
plotted on Interlace Graphs to determine if there were any distinct 
patterns.
Two patterns were apparent:
(1) Interlace Graph A (Figure XXVI )
This pattern shows an approximate range of 35 heart 
beats which occurs at intermittent intervals during 
the working day. A comparative subject - L- is 
included along with main study subjects G and I.
(2) Interlace Graph B (Figure XXVII)
This pattern indicates a narrower band of about 15 
heart beats for six hours of the working day.
Subjects A, B, C, D, E, F, H, J, and K are included.
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6.3 Comparative Subjects
Three subjects were chosen from other occupations at random to 
provide a rough basis of comparison with the main subjects of the study. 
Their personal details, heart rate graphs, moving average graphs, and 
histograms are given in Appendix II.
Certain similarities are noticeable from the analysis and these 
are dicussed below.
6.3*1 Standard Deviation
- The standard deviations of the comparative subjects are within 
the band of standard deviations for those main study subjects who felt 
no stress. The band ranges from 5*215 to 11.806 and for the compara­
tive subjects from 4.538 to 11.340, they too feeling no stress. The 
standard deviation 10.188 representing all main study subjects feeling 
no stress compares with standard deviation 5*020 for the comparative 
subjects.
6.3.2 Histograms
A distinct similarity also exists for the heart rate group 
which forms the apex of the histograms. The group is 81-90 in both 
studies, the population represented being 33*76# for the main study 
and 3^.84# for the comparative subjects. Table IV gives a summary of 
the histograms for the comparative subjects.
6.4 Public Speaking Exercise
Six subjects were chosen at random and each one lectured to a 
group of twenty five supervisors as a test of the effect of human 
presence and of mental stress.
Heart rate was recorded approximately ten minutes before the 
lecturette of about ten minutes duration and for ten minutes at the 
end of the end of lecturette.
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Subject Z was the only experienced speaker and his maximum 
heart beats increase was 36 compared with the mean heart beats 
increase of 62.6 for the other subjects.
All subjects (except subject Z) claimed they experienced 
considerable mental stress, as it was their first attempt at public 
speaking. Their mean maximum heart rate was 138.4 b.min.
Their mental stress was experienced through feelings of 
"butterflies in the stomach", thumping heart beats, and flushed face 
symptoms. Table V indicates their main personal details and the 
various heart rate recordings including the means.
The rise in heart rate before the speech for all subjects, 
except subject Z, was a mean 16 b./min. below the mean during the 
speech, and for subject Z 3 b./min. below, compared with the higher 
drop after the speech of a mean 27 b./min. and 10 b./min. respectively.
6 .5 Operational Effectiveness of the Equipment
The equipment failed to record on a number of occasions for 
the following reasons:
(1) A rapid deterioration of battery power during the study*
(2) A slipping belt drive on recording motor in the tape recorder.
(3) A break in the wiring of the transducer unit.
(4) The tape cassette jammed during two studies.
(5) The electrodes failed to remain completely adhered to the
subject during very hot weather when temperatures were above 
26°C.
(6) The press studs attached to the electrodes were easily detached 
during body movement.
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6.5-1 Remedies
The faults were overcome by adopting the following procedure:
(1) Batteries were charged after fifteen hours1 usage.
(2) Checks and maintenance were carried out before each study.
(3) Extreme care was exercised when handling equipment.
(4) The tape was turned on by two revolutions to ensure freedom
of movement in the cassette.
(5) Zinc oxide tape was strapped across the electrodes, press
studs and wires at approximate places to reduce the risk of 
disconnections through perspiration and pulling movements.
6.5.2 Accuracy
Many tests were conducted during the studies and no discrepancy 
between the recorded and actual heart rate was discovered.
6.6 Practical Restrictions experienced during the Study
(1) Shift Work : Appointments needed checking to ensure that
the arrival time coincided with commencement of the shift.
(2) Rest Periods : Some hotels allowed a two-hohr rest period
or stand-by duty in the afternoon to compensate for evening
work.
(3) Varying Lunch Hours : Some establishments did not fix a
definite lunch hour period.
(4) Study Restrictions : Managers were inclined to restrict the 
duration of the study because of other commitments.
Co-operation : During initial negotiations with hotel 
managers it soon became obvious that their co-operation 
was only possible if they were convinced that there would 
be an absolute minimum of interference with their daily 
routine.
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7. ANALYSIS OF RESULTS
7*1 Heart Rate Cycles Analysis
Only approximate- measurements of the heart rate cycles in 
Interlace Graphs A and B are possible for the following reasons:
1) The angles subtending between troughs and peaks are 
difficult to measure with any degree of accuracy 
considering their shallowness and crude smoothing of 
the moving average curves.
2) The heart rate range suffers with similar problems 
therefore the actual minimum and maximum levels 
were extracted for analysis.
3) I>ue to the duration limitations of the studies some 
extrapolation was inevitable. Although it is 
recognised that extrapolation is generally not 
viable no other method was possible.
4) Because of the erratic nature of rises and falls in 
heart rate the trough to peak times do not necessarily 
coincide with half the trough to trough times.
Actual times were used to avoid further extrapolation 
of data.
Table VI indicates for each main study subject the estimated 
times between troughs and troughs to peaks, the range of heart beats 
from troughs to peaks, and the average heart beat rise per minute 
which is calculated by dividing the range of heart beats by the 
estimated time between trough and peak. Also shown are the heart 
rate recordings divided into columns of minimum, maximum, and the 
range in b.min; and the heart rate moving average curve divided into 
columns for minimum, maximum, and range in b.min.
7-2 Analysis of Activities
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A summary of the activities shown in Table VII was used to 
determine the stress gradient by allocating a rank for each activity 
and positioning it in the range to allow for the total number of 
mean readings against the maximum number of mean readings. Thus the 
formula is:
Total Ranking x Maximum number of mean readings 
Total number of mean readings
An example is given below:
Activity 4 (5 readings out of a maximum 11)
1 reading at 1st place (min.) = 1 1
1 reading at 5th place = 5
2 readings at 7th place = 14
1 reading at 10th place = 10
Points = 30 x 11 = 66.00”5  =
The majority of heart rate recordings were highly significant.
Those which were not significant (7 - H.R. and 5 Perturbations) are 
omitted from the calculations and indicated in Table VII by a star 
against the figure. The ranking is now given for heart rate/rest 
pulse analysis.
Points Code Activity
23*10 (min.) 14 Meals and breaks
24.44 12 Administrative duties
38*50 4 Meetings with a Group
55*00 5 Speaking with peers
60.50 6 Speaking with subordinates
66.00 1 Outgoing telephone calls
66.00 3 Personal telephone calls
66.00 15 Driving
80.00 2 Incoming telephone calls
82.00 8 Speaking with clients
99*00 11 Dealing with domestic emergencies
110.00 10 Reprimanding a subordinate
114.89 9 Dealing with complaints
123.75 7 Speaking with superior •
136.00 (max.) 13 Dealing with cash
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A similar exercise was conducted for perturbations and the 
results are shown below:
Points Code Activity
19*00 14 Meals and breaks
27-00 12 Administrative duties
52.00 6 Speaking with subordinates
55*00 15 Driving
59.13 5 Speaking with peers
66.00 3 Personal telephone calls
66.00 4 Meetings with a group .
77*00 1 Outgoing telephone calls
85<>00 8 Speaking with clients
. 95*00 2 Incoming telephone calls
101.44 10 Reprimanding a subordinate
107.00 13 Dealing with cash
110.00 9 Dealing with complaints
110.00 11 > Dealing with domestic emergencies
118.25 7 Speaking with a superior
7*3 Stress Gradients
A stress gradient based on the minimum and maximum points is 
given in Figure XXVIII. The angle for the heart rate/rest pulse 
gradient is 18° from the horizontal, and for the perturbations 16°.
Further analysis of the gradients is given in Figure XXIX. 
The base gradient is plotted from heart rate/rest pulse readings 
for each code on the points system. The perturbations are 
superimposed to illustrate the variation in the two methods.
7*4 Comparison of Mental Work with Physical Work
An analysis of mental work compared with physical work was 
undertaken and the results are plotted in Figure XXX.
The groups of activities are plotted according to the ranges 
quoted by various investigators:
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Racing Car Driver 
Maximal Speed Skating 
Maximal Pedometer 
Negative Downhill Work 
Carrying loads upstairs 
Light Assembly
: Carruthers (1974)
: Maksud et al (1970)
: Cotes (1969)
: Davies and Barnes (1972)
: Datta and Ramanathan (1969) 
: Poulsen and Asmussen (1962)
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8. DISCUSSION OF RESULTS
8.1 Histogram Analysis
The average mental stress seems to be inexcessive compared 
with the public speaking exercise and with other investigators' 
results. Assuming a rest pulse of 65 b.min the calculation by 
Singleton (1972) in Chapter 3 would imply that H.R. should not rise 
to more than 105 b.min and the calculation by Muller (1981) in 
Chapter 3 would be 100 b.min as an average pulse rate during work.
, In the public speaking exercise the mean maximum rate was 
138.4 b.min and during the speech the mean was 12 7.2 b.min.
The use of H.R. as a predictor seems to be valid although as 
Chaponis (1989) in Chapter 3 mentions, great care is needed in 
selecting dependent measures, and that negative results help consid­
erably in later research.
Considering the upper limits of the histogram, the majority 
of the readings above 111 b.min are contributable to subjects F and G 
who both felt some stress during the study. A significant figure of 
26.97# for the class interval 91-100 b.min could be included in the 
concentration calculation which would mean that 61.73# of the 
distribution is within a class interval of 81-100 b.min. This 
concentration is still inexcessive according to other investigatorsI!and approximately coincides with Schacke et al (1972) in Chapter 1 
who recorded a concentration of 80-90 b.min for 27 leading executives 
and a variation of 60-130 b.min. His findings for managers under 30 
years old averaged 90-100 b.min for 75# of the working day.
A further comparison shows a close similarity to energy 
expenditure findings given in Chapter 3 by Singleton (1972) for clerical 
(administrative) work and driving, based upon a straight line correlation 
conversion from Kcals to H.R. The range for clerical work is 78-90.5 
b.min and for driving 90.6-105.1 b.min compared with the study findings: 
average 90.08 and 90.4 b.min respectively.
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8.2 Analysis of Activities
A subjective assessment tof the ranking for the activities 
recorded conforms to the perturbations gradient for the five codes:
10» 13i 9i 111 stfkl 7* This judgement is based upon observations 
during the study, thus it would seem that the use of perturbations 
using a moving pulse rate base line is more accurate than heart 
rate/rest pulse analysis.
Below the top five code levels it was not possible to estimate 
the ranking order. The relatively low position of code number 4 - 
meetings with a group - is probably due to the minor importance of 
the meetings recorded.
There is a negligible difference in the angles of the stress 
gradients (16° and 18°).
8.3 Smoothed Curves - Moving average Heart Rate
The tendency for heart rate to decline towards the end of the 
working day could be because there is correlation between the breadth 
of the band of heart beats and the duration of higher mental activity. 
This assumption is supported by comparing the approximate heart rates 
shown on both graphs.
A heart rate rhythm is noticeable which persists regardless of 
the heart rate level within the range studied. The rhythm or cycle 
is inconsistent. The time between the troughs of the cycles varies 
from 4:20 hours to 6:0 hours, the mean value being 4:37 hours. The 
trough to peak times are erratic.
This phenomenon coincides with the findings in Chapter 2 of 
Murrell (1962) who uses the term "actile period" to describe the 
breaks from activity. These pauses sometimes are simply changes in 
activity, Miles and Skilbeck (1923).
Probably arousal also has an effect on this rhythm, Duffy (1957)5 
the experiment on rats by Belanger and Feldman (1962) indicates that
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internal determinants and external cues affect heart rate. Circadian 
rhythms, Kleitman (19&3)* possibly biorhythms also contribute 
towards producing a heart rate cycle.
Another aspect of the smoothed curves analysis is the 
comparatively low mean heart beat rise, varying from 0.071 to 0.277  
per minute and for all subjects, averaging 0.156. The upper limit of 
0.277 for subject F is probably because her normal job, administration 
manager, was absorbed into her temporary post of general manager.
She was not very experienced and felt some stress.
The small rise per minute is indicative of comparatively low 
stress during the study. The erratic nature of the smoothed curves 
in the sample is considered to be due to the effects of self-induced 
and externally induced activities, the latter being outside the 
control of the subject. Thus it may be assumed that the normal path 
of the cycle is not observable in the operational situation as it 
would be most unlikely that externally induced activities would not 
occur during the working day.
Finally the initial slowing from orientation reaction see 
chapter 2, Lynn (1966), was not indicated as at least twenty minutes 
passed before the electrodes were fixed. Interlace graph B, however, 
indicates comparatively high heart rates at the beginning which det­
eriorate later; this effect coincides with orientation reaction.
8.4 The Resting Pulse
f
It seems likely that a resting pulse is essentially a relative 
rate and is significant only within the time it is recorded. The 
resting pulse varies during the day, presumabUy in accordance with the 
diurnal cycle or circadian rhythm and in sympathy with the mental load 
applied at the time. An assessment of the degree of mental load 
affecting the so-called resting pulse is riot possible as it is probably 
applying a load not only consciously but also sub-consciously and 
unconsciously.
The resting pulse also varies during sleep as presumably dreams
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occur therefore the validity of using it as a base line for calculating
the degree of stress is questionable. As no other base is available
there is no choice, but thinking in terms of total load or total
overheats it means that the calculations are often minimal rather
than maximal. It is apparent that often some mental load will be 
operating at any time the resting pulse is recorded.
The calculation of a resting pulse curve for correction purposes 
also presents serious statistical difficulties. It could be argued 
that the line should conform to the lowest readings throughout the 
period rather than conforming to a line of best fit as there is no 
justification for applying a smaller correction because the line 
happens to he above a rest pulse in terms of best fit only. On the 
other hand it is likely that some rest pulses will be excessively 
higher therefore a statistical compromise is probably acceptable and 
the curve of best fit was chosen in these circumstances.
8.5 The Mental Work/Rest Cycle
The true duration of this cycle is difficult to conceive in terms 
of time devoted to work and to rest. The time devoted to mental work is 
immediately apparent by observation and assessment of work load, but the 
true mental work load is obscure because it is doubtful whether it can be 
switched off immediately and in addition there is often apprehension or 
anxiety before mental work recommences. Therefore some allowance is 
necessary at both ends of the rest period.
A research case which highlights this effect is one associated 
with the "executive" monkey undertaken by Brady (1971)• This research 
was described in Chapter 1 and briefly the "executive" monkey died after 
23 days of continuous 6 hours’ mental work and 6 hours’ rest periods in 
sequence. The autopsy showed a large perforation'in the wall of the 
duodenum which is a common site for ulcers in man.
An important point not mentioned in this case is that the rest 
period which coincided with the mental work period would, in all 
probability, contain periods of apprehension and anticipation at the 
thought of undergoing a further period of 6 hours' mental work of a very
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stressful nature. Therefore the true ratio of the work/rest cycle which 
apparently caused death is not known.
In the heart rate moving average graphs of the main study 
subjects in hotel management it is noticeable that they all indicate 
a higher heart rate level at the start of the working day and a similar 
effect also can be seen for the comparative subjects. Thus it could be 
argued that anticipation or apprehension had built up the heart rate 
before commencement of duties therefore mental stress was occurring at 
that time.
The need to avoid a mental work/rest cycle which induces death 
as illustrated by the "executive" monkey is fundamental. As such 
practical research on people is obviously not possible, the lethal cycle 
is difficult to estimate but at least it may be thought very desirable 
to avoid routine work/rest cycles as much as possible and so minimise 
the possible coincidence with a lethal wave pattern.
8.6 Recognising Stressful Situations
With practice it may be possible for a manager to recognise the 
onset of mental stress symptoms. Judging from the interviews some of 
the symptoms are described below.
1) A feeling of tension building up inside the lower part of the 
body in the region of the stomach.
2) Sudden awareness of a thumping heart.
t
3) An odd feeling in the stomach which is difficult to describe.
4) A feeling of excitment.
5) Feelings of anger or frustration.
6) Wanting to reprimand but knowing it is imprudent.
7) Wanting to retreat from a situation.
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8) Feeling depressed and unable to cope effectively.
9) Antagonistic feelings towards peers and superiors.
10) Feeling confused and unable to put a situation into perspective.
11) Feeling that there is a lack of achievement as the working day
progresses.
12) Feeling impatient with people and trying to accelerate the
working rate.
13) ~ Feeling irritated unduly with minor details.
14) Endeavouring to do two things simultaneously.
Unfortunately many of these symptoms are not recognised as 
stressful but are just accepted as irritations associated with the 
normal working day.
8.6.1 The Range of Symptoms
Probably each individual feels a different symptom or group of 
symptoms which indicates mental stress. Every symptom may depend upon 
the pecularities of the person based upon a variety of factors assoc­
iated with his background, thus it becomes very difficult to assess.
Nevertheless when an individual is questioned about stress it 
seems that the symptoms are recognisable and accepted although there 
is a wide variation. In this connection the following section on 
human presence is very relevant.
8.6 .2 The Effect of Human Presence
Although there may not necessarily be any physical change 
measurable by heart rate it is probable that a number of chemical 
changes and electro-magnetic changes occur in the body when it is 
subjected to the presence of other people in certain situations.
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Typical examples are:
1) An increase in emotional feelings if the person
contacting another is disliked.
2) An increased tendency to make mistakes when a
superior is present.
3) Feelings of nervousness, blushing, and other
responses when confronted with a large group or 
with persons associated with emotional involvement.
4) _ Embarrassment by an athlete if he does not win.
5) Anxiety before an event such as a race or on stage.
These emotional stresses also may affect performance in the 
majority of cases. For example, often people may remark after a 
meeting that they did not think of the answer or opposing view during 
the meeting presumably because of the tension involved at the time. 
However, brain storming when people are in harmony with each other can 
be very successful.
The presence of people can be upsetting therefore the exercise 
of some skills such as decision making and problem solving could be 
improved in isolation if.stress is felt, and then presented for further 
discussion and approval.
In hotel management an essential part of the job often includes 
direct contact with clients and staff. Such contact cannot and 
obviously should not be avoided but it may help to improve performance 
and avoid harmful stress if decisions requiring some thought are made 
after contact rather than at the time.
8 .7  Avoiding Excessive Mental Stress
There appears to be a strong, natural tendency within people 
to arrange work loads in a fluctuating cycle of activity intensity.
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This natural work load variation presumably conforms in principle to 
rise and fall patterns of intensity noticeable in other body systems* 
However, the sequence of wave form varies - according to the research 
findings*
Certain working arrangements could be programmed to encourage 
the operation of natural work load wave forms. Typical programmes 
would include a new concept of rest periods, new working patterns, 
increased control of self-induced activities, and carefully balancing 
the effects of externally induced activities.
Presumably a fully developed work load wave form of this 
nature would minimise the risk of overloading the body system thus 
avoiding pathological disturbances, see CH I, World Health Organisation 
(1976). This natural work cycle tendency is generally indicated to the 
individual in various ways. Examples are: -the urge to stop work, thirst, 
hunger, distractions in the fringe areas of concentration, loss of 
concentration, a sudden increase in mistakes, speech errors, illogical 
thought, and an urge to move away from the work area.
In nature the tendency for animals is to hunt or eat food when-
hungry, sleep when tired, and exercise when inclined; thus no routine 
in terms of a strict time schedule is in operation. In civilised 
communities, however, a strong routine or rigid programme often applies 
which is outside the control of the individual. Only the fortunate few
are able to regulate their own work load and life style.
8.8 Stress Factor Hating Scale
The varying rates of resting pulse make comparisons between 
subjects more difficult. The use of a stress factor rating scale 
would indicate a closer comparison between subjects as an allowance 
may be calculated easily for varying mean resting pulses and for 
determining a corrected stress factor.
A typical example of scale design is given in Figure XXXI and 
one simple method of calculating the stress factor is given in the 
two examples below:
STRESS
FACTOR
.14.-190
13- -180
1 2- — 170
1 1- — 160
1 0- -150
9- -140
8 - -130
7 — - 1 2 0
6 _ -1 1 0
5- -1 0 0
4 - -  90
3 - -  80
2_ -  70
1- -  60
HEART
RATE
b./min.
FIGURE XXXI Stress Factor Rating Scale
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Example: Subject X
Peak heart rate group 
Mean resting pulse 
Corrected Stress factor
= 131 - 140 b./min. = S.F. 8 
= 68 -b./min. = S.F.-1
1
Example: Subject Y
Peak heart rate group 
Mean resting pulse 
Corrected stress factor
= 14-1 - 150 b./min. = S.F. 9 
= 78 b./min. = S.F.-2
7
8.9 Separating Physical Movements
Careful recording of physical movements was needed to separate 
mental work only. Although mental work was naturally often continuing 
during physical movement it was decided to omit heart rate completely 
during those periods as no accurate method of separating the two was
thought to be feasible in the circumstances, see Chapter 1, Schacke 
(1976).
8.9*1 Physical Movement Separation Device
Towards the end of the studies it was decided to construct a 
device which would automatically cut out recordings on tape during any 
physical movement.
A sensitive vibration detector was built along similar lines to 
the car thief alarm equipment which is marketed by several manufacturers. 
A one day study with the equipment indicated that'separation is possible 
and FiguresXXXII and XXXIII illustrate the results.
The subject complained that the device was too bulky. A very 
small model was designed on the pendulum principle which can be easily 
strapped to the lower thigh. The dimensions are eras., x 7a- cms. 
x 2 cms. and FigureXXXIV illustrates the device in the closed and open
t!
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rigureXXXIV Physical Movement Separation Device
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positions along with its location on the thigh.
This device may be useful to a future researcher for analysis 
purposes.
8 .10 Stress Reducing Programmes
During the interviews it was apparent that managers could be 
suffering from mental stress without realising it.
One of the factors mentioned by Levine (1971) in Chapter 1, 
which could alleviate mental stress is education and training schemes 
specifically designed for this purpose.
Overall concepts of management development programmes tend to 
he based upon improving managerial efficiency and effectiveness by 
technical and behavioural means. Whether undue emphasis on certain 
aspects of these means is self-defeating becomes a debatable point if 
the effect is to produce a manager who does not realise when he is 
over-stressed. So often a manager will take action which causes reaction 
from staff who in turn cause a reaction from the manager. Thus, self­
induced stress of a recurring and continuous nature is often not 
recognised by him and his performance suffers.
To avoid such imbalance it is essential that programmes should 
be built into schemes so that the manager is capable of realising why 
and when he is under stress, who causes it, where it occurs, and what he 
can do about it. In this way he should be able to optimise his effect on 
the concern over a much longer period.
Certain fundamental questions need to be answered before a 
concise programme could be arranged.
1) Should each programme be tailored to the individual
manager's requirements?
2) How is the possibility of inducing a degree of neurosis
in the manager to be avoided?
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3) Is sufficient knowledge of stress available for this 
purpose at present?
4) Who should decide to submit the manager to such a 
programme?
The importance of these questions is more acceptable perhaps 
when the various aspects associated with imbalance are outlined. For 
example, the manager needs to understand why the stress occurs; this 
involves self-analysis of a high order. He needs to recognise who 
causes the stress, such as senior executives, peers, subordinates, 
clients, Government Officials, Local Authorities, and others. He may 
wonder whether he suffers more or less than other managers which raises 
such questions as his suitability for the job and the effectiveness of 
selection procedures. There may be drastic effects when he examines all 
the areas where stress may occur such as in the office, at home, when 
travelling, in clubs, with friends, and with relatives.
8.10.1 The Main Topics
Finally there is the programme content to consider. From 
previous discussion it seems that the important topics which should be 
related to stress reduction are as follows:
1) Behavioural sciences .
2) Communication
3) Life style
4) Organisation
5) Self-analysis
6) Routines and scheduling
7) Managerial skills
8) Ergonomic Disciplines
9) Personnel Policy
A list of typical questions on stress which are associated with
the above topics is given below.
1) Behavioural Sciences
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Why do people behave in certain ways?
How does a manager develop high sensitivity towards 
his staff and others?
How can the manager reduce any apprehension or 
hostility towards himself and work?
What can he do to reduce stress among his staff?
How can he gain a high degree of confidence from 
his staff?
What are the effects of interaction with staff and clients? 
Are stress symptoms recognised by managers?
2) Communication
How can communication be used to improve 
relationships which, if neglected, could cause stress?
What can be dx>ne to avoid communication problems 
which induce stress?
How can a managerial policy of stress reduction 
leading to higher effectiveness be successfully 
transmitted to staff?
How can modem information technology he used to 
maximise efficiency and thus reduce stress?
How can misconceptions of injustice be avoided?
3) Life Style
Which life style minimises stress?
How can life style be changed if it does not 
coincide with minimising stress?
How can life style be recognised?
Is it possible to encourage less agitation and a 
more relaxed attitude?
4) Organisation
Which type of organisation is most suitable for 
minimum stress effect?
How can the organisation be arranged to ensure 
undue stress does not occur?
How can administrative expertise he achieved by 
managers so that systems and procedures are 
efficient, thus reducing stress among staff?
Self-Analysis
How much training is required for a manager to 
successfully carry out self-analysis?
What are the risks involved in self-analysis?
Who will be able to check the accuracy of self- 
analysis?
How can the manager assess his effect on staff?
Does the manager expect to see everyone very busy 
or does he equate a quiet atmosphere with efficiency?
t
Routines and Scheduling
How can work loads be measured in terms of stress? 
Which work/rest cycle should be chosen?
How should the various durations associated with 
working hours, rest periods, and so on, be chosen? 
What degree of flexibility is possible for staff?
What new working patterns can be introduced?
Managerial Skills
How are managerial skills learned and developed 
with a bias towards stress problems?
What training in managerial skills is needed to 
translate incoming information into more effective 
administrative activities?
Is there a skills technique which effectively reduces 
stress?
Ergonomic Disciplines
What can be done to improve the knowledge of 
ergonomics within the concern?
How can ergonomics be applied in hotels?
Where are the main areas in the establishment that 
will benefit by the applicatbn of ergonomics?
Personnel Policy
What changes are needed to ensure that staff develop 
high effectiveness which leads to less stress on 
themselves and on the managers?
Are the salaries adequate?
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Are the personnel procedures working properly?
Is the personnel policy sincerely applied?
These questions are indicative of the essential broad approach 
to administrative expertise in hotel management, the aims being to 
introduce a stress reducing philosophy which should lead to a much 
better atmosphere and increased effectiveness in the hotel.
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9. CONCLUSIONS
9.1 Histograms
The degree of mental stress in the working day is comparatively 
low and within accepted limits based upon heart rate as a dependent 
variable and published relevant studies.
With the oramission of subject G who felt stress and was very 
nervous the frequency curve is symmetrical. Skewness towards the 
upper limits exist if subject G is included.
9.2 Personal Details Summary
No correlation occurs between standard deviation and the 
independent variables of age, sex, drinking, or smoking.
Where the subject thought he was suffering stress, however, there 
is correlation as signified by subjects F and G only.
9*3- Analysis of Activities
A stress gradient may be determined by utilising either heart 
rate/rest pulse analysis or perturbations. There is only a small 
difference in the gradient angle, namely 18° and 16° (from horizontal) 
respectively when employing the points formula described in the analysis.
Although a subjective analysis of the rank for each activity 
indicates that the perturbation gradient is more accurate in determining 
the ranking, the data were insufficient to prove this conclusively.
9*4 Smoothed Curves
A heart rate cycle is evident wbich persists regardless of the 
heart rate level within the range studied.
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There is no consistent period of time between the troughs of the 
cycles, the value varying from four hours twenty minutes to six hours.
The heart rate cycle seems to be erratic as verified by the 
fluctuating trough to peak cycle times.
The heart rate cycle range is reduced from about 35 beats at 
120 b. min to about 15 beats at 98 b. min during the working day 
therefore within the heart beat range quoted the cycle range decreases 
as heart beat, falls.
9.5 ,Comparative Subjects
The results of standard deviation and histogram analysis for the 
comparative subjects coincide with those for the main study subjects.
Although the sample of three activities is small which includes 
a day nursery matron, a chartered secretary, and an office supervisor 
on a course, and data are insufficient to prove conclusively, there is 
an indication that similar results will be obtainable by using heart 
rate as a dependent variable in attempting to determine mental stress 
in occupations of this nature.
9*6 Stress Factor Rating Scale
A closer comparison between subjects’ heart rate variances is 
possible by applying an allowance to determine a corrected stress 
factor based upon the mean resting pulse. This method is described 
in Chapter 8, Discussion of results.
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APPENDIX I
Analysis of Main Study Subject's: A, B, C, D, E, F, G , H, I, Jr and K
Analysis sequence for each subject:
1) Personal details
2) Heart rate graphs
3) Resting Pulse Curve of best fit
4) Moving average graph
5) Histogram,
6) Activity analysis table 
Abbreviations : HS = highly significant
S = significant 
NS= not significant
Analysis for each activity:
1) Outgoing telephone calls
2) Incoming telephone calls
3) Personal telephone calls
4) Meetings with a group
5) Speaking with a peer
6) Speaking with a subordinate
7) Speaking with a superior;
8) Speaking with a client
9) Dealing with clients' complaints
10) Reprimanding a subordinate
11) Dealing with domestic emergencies
12) Administrative duties
13) Dealing with cash
14) Meals and breaks
15) Driving
l
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SUBJECT A
Personal Details
1) Sex Male
2) Age 38
3) General physical health excellent
4) Marital status single
5) Smoking-habits 40 cigarettes a day
6) Drinking habits i-p in t lager a day
7) Hotel experience 21 years
8) Occupation Deputy General Manager
9) Size of hotel Large
10) - Stress experienced during study No stress felt, norma! day
11) General impression Casual, not bothered very much, 
competent.
i
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SUBJECT B
Personal Details
1) Sex
2) Age
3) General physical health
4) Marital status
5) Smoking habits
6) Drinking habits
7) Hotel experience
8) Occupation
9) Size of hotel
10) Stress experienced during study
11) General impression
Male
32
Very good 
single
2 cigars a day 
2 aperitifs a day 
10 years
Food and Banqueting Manager 
Large
No stress felt
Very active, seems to be very 
efficient, smart.
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SUBJECT C
Personal Details
1) Sex Female
2) Age 36
3) General physical health Good
4) Marital status Married
5) Smoking *habits 25 cigarettes a day
6) Drinking habits Heavy drinker
7) Hotel experience 5 years
8) Occupation Conference Manager/Deputy General Manager
9) Size of hotel Medium
10) Stress experienced during study No stress experienced
11) General impression Nervous disposition, seems keyed up,
efficient.
*
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SUBJECT D
Personal Details
1) Sex
2) Age
3) General physical health
4) Marital status
5) Smoking habits
6) Drinking habits
7) Hotel experience
3) Occupation
9) Size of hotel
10) Stress experienced during study
11) General impression
Female
31
Good
Single
Non-smoker, gave up August 1975 
2 or 3 gins a day 
4 years
Banqueting Manager 
Large
No stress experienced 
Smart, competent
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SUBJECT E
Personal Details
1) Sex Male
2) Age 30
3) General physical health Very good
4) Marital status Single
5) Smoking habits 30 cigarettes a day
6) Drinking habits Very little
7) Hotel experience years
8) Occupation General Manager
9) Size of hotel Medium
10) Stress experienced during study Very little stress experienced
n j General impression Seems to be efficient, gets on 
well with staff.
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SUBJECT F
Personal Details
1) Sex
2) Age
3) General 'Physical Health
4) Marital status
5) Smoking habits
6) Drinking habits
7) Hotel experience
8) Occupation
9 ) .
Size of hotel
10) Stress experienced during study
11) General impression
Female
23
Good
Single
20 cigarettes a day 
2 drinks only 
2 years
General Manager (temporary)
Small
Felt some stress during the study 
Normal job: Administration 
Manager, not very experienced but 
seems to be efficient.
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SUBJECT G
Personal Details
1) Sex \ Male
2) Age 30
3) General physical health Good
4) Marital status Married
5) Smoking habits 4 cigars a day
6) Drinking habits 2 half-pints beer at lunch
7) Hotel experience 6 years
8) Occupation General Manager
9) Size of hotel Medium
10) Stress experienced during study Felt some stress
11) General impression Very interested in the study
seemed nervous.
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SUBJECT H
Personal Details
1) Sex
2) Age
3) General Physical Health
4) Marital status
5) Smoking habits
6) Drinking habits
7) Hotel experience
8) Occupation
9) Size of hotel
10) Stress experienced during study
11) General impression
Male
27
Fit
Single
30 cigarettes a day
No drinking at work, 5-pint lager at home 
11 i  years
Deputy General Manager 
Large
No stress experienced 
Competent, smart.
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SUBJECT I
Personal Details
1) Sex Male
2) Age 33
3) General Physical Health Good
4) Marital Status Married
5) Smoking Habits 20 cigarettes a day, occasional cigar
6) Drinking habits 3 glasses of wine
7) Hotel experience 12 years
8) Occupation General Manager
9) Size of hotel Large
10) Stress experienced during study No stress felt
11) General impression Competent, good personality, confide
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SUBJECT J
Personal Details
1) Sex £ Male
2) Age 31
3) General Physical Health Very good
4) Marital Status Single
5) Smoking Habits Non-smoker
6) Drinking Habits 5-pint beer
7) Hotel Experience 7 years
8)' Occupation Deputy Manager
9) Size of Hotel Large
10) Stress experienced during study No stress felt
11) General Impression Smart, efficient
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SUBJECT K
. Personal Details
1) Sex Male
2) Age * 33
3) General Physical Health Very Good
4) Marital Status Single
5) Smoking Habits 60 cigarettes a day
6) Drinking Habits 6 pints !ager/5 vodkas on average
7) Hotel Experience 2 years
8). Occupation Proprietor/General Manager
9) Size of Hotel Small
10) Stress experienced during study No stress experienced
11) General Impression Casual, not very efficient, liked 1
staff and clients
188
Su
bj
ec
t 
K 
: 
He
ar
t 
Ra
te 
G
ra
ph
189
Su
bj
ec
t 
K 
; 
He
ar
t 
Ra
te 
Gr
ap
h 
(c
on
td
.)
190
Su
bj
ec
t 
K 
: 
He
ar
t 
Ra
te 
Gr
ap
h 
(c
on
td
.)



194
|  > 4
I  H1 w
i £
m
r—4
X
9
6
.8
6 o o
X
X
' 
2
.3
0
7
X
o
CN
« o
X
S
/H
X
1
0
.5
7
5
.1
3 ao
CN NO
K
X
o
i d
S
/H
X
rH
CN
CO
3
CO
X
CN
O
•
CO
CO°0
x
•©"
CN
X
CN
LO
CN
c n
X
•
NO
CO
X
c d
CO
c o
•
o
r $
‘O n r
rO
r—(
o
CN '0
1
.5
0 X
c d 2
.0
4
C
CN
CO
CO1
CO
CO
♦
X
LO
\
X o
CN
o
CO
cd
i n
X
CN
j 
0
.5
6
2
j
X
lO
NO
X
X
LO
X *
(N
r—4
A
X
s
x
X
X *
i n
CN
CN
s
X
• n
c d
LO
X
NO
CN
X
NO
5
c d
t  ;  ■
CO
X
o CO
NO
IjO~
I n
i d
LO
i—4 
i-H
CO
b
s
.4
4
 
;
B
c d 2
.1
4
6
o
CO
5
.5
9
9
LO
Xs c o
CO
CO
c d
CN
CO
c d 0
.9
2
7
X
1
4
.3
8
1
>X
O
rH
i
i n
CN
CO
c o
CN
CO
CO
CO
i n
o
m
c o
CN X
CO
o
o
o
•
X § • nCN
NO
CO•
n o
CN
•
NO
X
X
CN
•
X
CN
■ tn ~
X
CO
c d
LO
X
X f
X
o
CN
, Q
X
ND 2
.4
5
7
X
r*» 6
.4
1
6
§ . X
o
o
o
r—
CO
X
©
NO
“ X ”
CN
NO
CN NO 3
.8
1
C
LO
r
CO
X
.co
©
5
O'*
CO
X
c d
X
o
CN • *—•
i n
X
CO
X
LO
3 ^ X
c o
CO
CO
•
X
X
CO
c d 0
.6
2
3
CO
CO
X
NO
O
i d
LO
X i i
lo
<
©
< d 1
9
8
.6
4
i
X
X 2
.2
7
9
S ?
5
.3
6
0
LO
>
< o
s
00
LO
c d 0
.6
4
4
orr\
CO
CN
X
c d
LO
i n i 1
X
i 1 -
CO
X
o
o
X
o
NOfmm
c d 2
.1
6
2
f—•
C N ^
8
.1
2
7
3 T X
o
o
CN
o
o
X
X«
CO
N T -00
X
c d
LO
X '
CN
u o
J M .
C T
CO•00
- G i . .
X
X
X
i—#
CN X
-CO 5
.4
7
7
LO
« n
CO
o
CN
X
X
NO
X
CN
CO.
X
CN
9
.1
2
3
1
£
rH
X
X00•
£
3
H - 2
.2
2
6
m 4
.6
7
8
LO
> X
X
CO
X
X00©
CO
• x r
X
•
o 00
I X
CN
CN•
O
LO
X
D
E
S
C
R
IP
T
IO
N
 
.
H
e
a
r
t 
R
a
t
e
s
: 
R
e
s
t 
P
u
l
s
e
s
S
a
m
p
le
 
S
iz
e i
I
i•
t1
£0
1 St
a
n
d
a
r
d
 
d
e
v
ia
ti
o
n
 
(
c
o
r
r
e
c
te
d
IS
. 
E
. 
o
f 
d
if
f
e
r
e
n
c
e
D
e
g
r
e
e
 
o
f 
f
r
e
e
d
o
m
.
o£t-HS
s
ig
n
if
i
c
a
n
c
e
P
E
R
T
U
R
B
A
T
I
O
N
S
-
0
N
•H
CO
0  
r—H
aa
rtJ
c n
£
0s
1 
S
. 
D
. 
(
c
o
r
r
e
c
t
e
d
)
S
.E
. 
of
 
d
if
f
e
r
e
n
c
e
1 
D
e
g
r
e
e
 
of
 
f
r
e
e
d
o
m
j 
‘t
1 
v
a
lu
e
s
ig
n
if
i
c
a
n
c
e
-Q
a
_x
oc<
o<
4**u.SLIn3
LO
iAnalysis of Each Activity -  All Main Study Subjects
196
na
lys
is 
; A
ct
iv
ity
 
No
. 
1 
- 
Ou
tg
oi
ng
 
Te
lep
ho
ne
 
Ca
lls
197
oc<
lys
is 
: A
ct
iv
ity
 
N
o.
 
2 
- 
Inc
om
in
g 
Te
lep
ho
ne
 
C
al
ls
198
An
al
ys
is
 
: A
ct
iv
ity
 
No
. 
3 
- 
Pe
rs
on
al 
Te
lep
ho
ne
 
Ca
lls
199
An
al
ys
is
 
; A
ct
iv
ity
 
No
. 
4 
- 
M
ee
tin
gs
 w
ith
 
a 
G
ro
up
200
An
al
ys
is
 
: A
ct
iv
ity
 
No
. 
5 
- 
Sp
ea
kin
g 
wi
th
 
a 
Pe
er
201
A
na
ly
si
s 
: 
A
ct
iv
it
y 
N
o
. 
6 
- 
Sp
ea
ki
ng
 
w
ith
 
a 
S
u
b
or
di
n
at
e
202
la
ly
si
s 
: 
A
ct
iv
it
y 
N
o
. 
7 
- 
Sp
ea
ki
ng
 
w
ith
 
a 
S
u
p
er
io
r
203
ly
si
s 
; 
A
ct
iv
it
y 
N
o
. 
8 
- 
Sp
ea
ki
ng
 
w
ith
 
a 
C
li
e
n
t
204
j5
a.Es
c©
u
-C
O).5
~c<DQ
I
CN
•o
Z  
X
o<
wu
oc<
205
it
An
aly
sis
 
: A
ct
iv
ity
 
No
. 
10 
- 
Re
pr
im
an
di
ng
 
a 
Su
bo
rd
in
at
e
206
na
lys
is 
; A
ct
iv
ity
 
No
. 
11 
- 
De
ali
ng
 
wi
th
 
Do
me
sti
c 
Em
er
ge
nc
ie
s
207
oc<
lys
is 
: A
ct
iv
ity
 
No
. 
12 
- 
Ad
m
in
is
tra
tiv
e 
Du
tie
s
208
o
lys
is 
: A
ct
iv
ity
 
No
. 
13 
- 
De
ali
ng
 
wi
th
 
Ca
sh
209
H  j
U  I
:h  }
S 1 !=> [ cn
i!
:»
i|it
- ?! 
li
ffijj
»!
. M.
t i
J
ti ):
~T T '
fa!!
p
w!i
Pi:
a
S
H
fa►H
fa
Ocn
fa
P
. .a .
CN
CO
©IT)
S
CN
CO
XCN
0CO CNO
XCOCO
©CNX
X cd
t—m
X CN
©X XCN
CO©CN
XcoCN
R‘
CN 69 
r ■—
©CO R s
r*
£3
3 00 CO. 0
•
Xco X
CNCN
“J
XOCO
cdCO ©
_______
CN
16
5 —
©
0
U  iOi —0 ; X 0CN
X Xi CN{ ©!...a.--.
X
0X
j ©
s:©  1 0 !
XCN©
CN X CO °|co! X*• . ,. ——* »
X03
H  1
cn| X©
Li CN t CNi XjL.. cd
10© . 0
©1COco;-
XCN©
0X X r— X cd1 *
: * j ■ >
X
•
0- 0
0 0©•CO
x: •; 0  :CO s CN j
Oi ! 'tiCNi CO; ©  !
t [
X ©0 2! ! cos j
©  ! 
$2j•
CO NO
.  .. ._- Jt
CN ©jCO:
• !CO|
.... t
Xx  * •
CO
| 
L9'V 
j
d  1©: iCN;‘ I
CN| Xsi j v
m!©  j
<N[
LO
X'
LO
7?
LO
X
X
siX  j
< 1X":
j
in !
X  <t
i tjj 
to j;
3t!i
LO
X'
(00+■»£
fa
4Juflj
0
X
al
0
al
r-4£
fa
4-»01
0
fa
t
ON
•rHcn
0
TJ
0 .
o:
0
i»i
0=o£0-U
0<+h:
i t
§iiX  !
( II
Vt'U TJnmo:
ft £d £s «W Mcq ^
O- W ;
cn tnl
- j L
O {
T) j 
0 1 
0  j*HNH - { 
*+H ' ?
° 0 ! 0 £ ! 0 r-H f
H g I 
GO > ■ 
0 ~ :
P iM
0 ;;
SI!(d <:
.a I!
X  Si
£ ■;> 
go ;•
w lj
i
CNCO
©IT)
©00
NOX
_£NL
f- , CO S8 © 00X• X CO• ©• >© cd 0 - - ©CO -
CN X *0 © #— X toU)• 0 X• CO \© cd 0 © CO«) ■
cd X .n©X• X• R.
00X
X X 0 © XCX3
0 COX CN 03 in toCO
•
CN 3 0• >CO cd O © CO JLX
CNnO X[ x  co! no
CO X| I—
O  i 
•!O  X  CN
II 
tCO 1 00,
©  j ©Ico i
! O
T - < N -
CONOCN
00
LO
X
& SCO CN 
X-; 04 s X
! a  ? lo 
xs
I o  ©} cocos
cn*1
x
o
i &
m
S3
X  X©; ©  •t •co! o co-SN
: CO*: O! ■ • >X  : X  i CN ■ ■—  *
i O •X; CN •
X: 00 5 *» _• ;C01 O  ? CO i — J>1
R!
X  ©• o  —l o
00 J x  : Xj *“  5 X
=8
( © j
! xi
— j S  ;— J co ,•
co* o  : in : ©
cn :©  LO
XCO;
in
X ’ x
COXi LO
X:
SiXi LO
f tx
©CNin: to• \  co-
cn.
Z:
S '
Hi
<
pq.
fa-
p ;
H;
fa:
w:
fas
0
I0;n ;
cn;
0|
f t 1
S!ctj:cn
0o£0fn
0vh
ftnl.0,
2 ,
O 0 M X  m TJ 
O *Hu o
q  w
cn tn
So©00J-4
o
00*H
GO
0
Q
0 :£HCO>
0u£fdo
U-l
•H
ft
GO♦Hwi
c
<
igl
ys
is 
: A
ct
iv
ity
 
No
. 
14 
- 
Me
als
 
an
d 
Br
ea
ks
210
An
aly
sis
 
: A
ct
iv
ity
 
No
. 
15 
- 
Dr
iv
in
g
APPENDIX II
Analysis of Comparative Subjects L, M, and N 
f
Analysis sequence for each subject:-
1) Personal Details
2) Heart Rate Graphs
3) . Moving Average Graph
4) Histogram
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APPENDIX II!
Radio Programme : "Stress -  Your Life in Your Hands" -  29th April, 1976, 
8.45 p.m ., B. B .C., Radio 4 
Source : . Radio Times
Subject : A look at how much people have learned about stress
at home and at work
Speakers : Dr. D. Bannister
Head of Psychology Unit, Bexley Hospital, Kent•
Dr. Robin Sharpe 
Director of "Stress"
Dr. Malcolm Carruthers 
St. Mary's Hospital
Professor Ivor Mills
Peter Blythe
Main Points of Interest
Dr. Bannister : "Stress is the anxiety one feels faced with elements outside 
the range of one's construing. It is the internal response not the outside 
influence -  the whispered unpleasantness hurts more than the roar of 
Concorde."
Dr. Sharpe : "Stress is an external stimulous that impinges on the organism 
and affects the performance. Things tend to spiral: the executive who rows 
with his wife at breakfast, gets caught in a traffic jam, and is finally 
carpeted at work suffers stress."
Dr. Carruthers : Advocates schools where the middle-aged can go to 
choose which killers to avoid.
Professor Mills : Suggests that the life tempo is too fast, people should slow 
down and accept a lower standard of living, rather than be driven by stress
I
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into a lemming-like journey to destruction.
Peter Blythe : Suggests that some people -  a particular group -  like stress 
and become addicted to the excitement caused by the rise in noradreniline 
in the bloodstream which triggers off the pleasure centres.
i
APPENDIX IV
Radio Programme : "You and Yours" -  30th April, 1976, 12.02 p.m .,
Views presen tedt by:
1) Dr. Berick Wright 
BUPA Medical Centre
2) Dr. Maurice H. Pappworth 
Registrar, Royal Infirmary, Liverpool
Subject : Screening on a large scale for heart disease, breast
Case for presented by Dr. Pappworth 
Case against by Dr. Wright
Main Problems
1) How to set viable norms
2) Every individual seems to be different and reacts in many different ways
3 ) f The effect on the individual as a result of the tests
4) Possible development of hypertension if disclosure is positive
9
5) The percentage of positive results of screening is apparently very small
6) Difficulty of prognosis as there is no definite proof that disease will 
develop even after tests prove positive
Source
Title
Producer
Presenter
B. B. C ., Radio 4 
Radio Times
Your Health and General Wellbeing 
Miss Jessica Mayer 
Bill Brecken
cancer and hernia
APPENDIX V
Private interview with Dr. E. B. Raftery, Consultant Physician/Cardiologist,
Northwick Park Hospital and Harley Street : 26th April, 1976.
Main Aspects
1) Prefers to avoid term "mental stress" as there is difficulty in 
defining it and he uses "mental activity" as the alternative.
2) There seems to be no way of measuring mental stress.
3) The case stddies often quoted, such as rally car drivers, free-fall 
parachutists, and other groups of extremist-behaviourists, are biased 
samples and do not conform to, the general type of person.
4) Heart rate increase may also be caused by a reduction in the dampening 
effect of the vagus nerve on the heart. Thus no adrenalin increase 
would have occurred. *
5) Check on Selye, a Canadian, whose work is now discredited.
6) He agrees that there are unknown mechanisms that allow concentration 
to reduce and increase heart rate at w ill.
7) Contact M. Carruthers and speak with him.
8) Contact Lorimer at Glasgow on standardised stress reaction.
9) There seems to be no evidence to show that managerial jobs are highly 
stressful but he agreed that personal involvement in speaking to groups
t is stressful.
10) Modern thought tends to rule out the effects of the pituitary gland on 
the heart's behaviour.
APPENDIX VI
Private interview with Dr. F. Mitchell, Head of Clinical Chemistry
Department, Clinical Research Unit, Northwick Park Hospital : 24th 
February, 1976.
Main Aspects
1) Worry, flight, or fight may evoke a stress response which eventually 
causes the adrenal gland to increase the amount of adrenalin flow 
into the blood stream. This increase causes, among other activities, 
an increase in heart rate, preparations in the body for fight or flight, 
and the stomach is retarded.
2) A stomach ulcer is caused by too high acidity irritating the stomach 
lining where blood-fiow is restricted due to stress.
3) The vagus nerve also has an effect on heart rate. This effect should 
be discussed with E. B. Raftery.
4) Adrenalin flows to many areas of the body including all the organs.
5) Discussions on coronary thrombosis highlighted the following points.—
i) The deposition of cholesterol is a critical feature
ii) The cholesterol level is important. For example, a high level of, 
say, three times the usual amount at birth is sufficient to cause 
death by the age of 30 years 
in) Fat metabolism also affects cholesterol build-up in the body
iv) The effect of butter and margarine is still debatable. For example, 
the Danube delta fishermen eat practically nothing else but fatty 
fish but they do not contract coronary thrombosis
v) .Much of current theory is based upon the liberation of adrenalin
APPENDIX VII
Private interview with Professor N . S. Kirk and Dr. E. J. Hamley at
Loughborough University of Technology on 11th February, 1975.
Main Topics
Question : Is heart rate a suitable dependent variable in the measurement 
of mental stresses?
Answer : Totally unsuitable.
«
Question : What are suitable measuring parameters for this purpose?
Answer : i) Measurements of work output
ii) Measurements of performance
iii) Visual observations of bodily changes that coincide with 
the managerial skill being exercised.
Question : Are the results of any use to the ergonomist?
Answer : Many results apparently are simply factual but do not add 
materially to the existing body of knowledge.
Question : Is information processing a unique problem?
Answer : Yes: the findings can only be Interpolated (not extrapolated).
There is a tendency to use psychological measures in view of 
f the crudeness of other measures.
Question : Are there any known cases of measuring human presence in 
the exercise of managerial skills?
Answer : Not known, but some research associated with human vigilance 
was indicated In a textbook "Human Vigilance Performance" by 
Davis and Tune, Staples Press.
Question : Are there known research units who are interested in this 
particular field?
Answer : Possibly Bradford University. Contact Professor C. Higgins and
G . Randall.
Question : Are there any measurement methods that have been found 
useful In work of this nature?
Answer : i) Breathing rate assessed by observation was used in locating 
the hest passenger position in underground trains
ii) The number of times a manager contacted subordinates was 
also mentioned as a measure of strain
iii) A textbook was mentioned which may be of use in deciding 
on appropriate psychological measures: "Systems Related 
Measures -  Man/Machine System Experiments" by H. M. 
Parsons, John Hopkins Press
iv) A useful contact could be Colin McKay at Nottingham 
University
APPENDIX VIII
Private interviews with Dr. G . Schbcke held on 3rd and 4th March, 1976,
at Institut RJr Arbeits und Sozial Medizin, und Poliklinick Fttr
Berufskrankheiten, Der Universitat Erlangen -  Nurnberg, West Germany.
Main Topics
1) Problems of Observation. He considered it was very difficult to 
avoid bias during direct observation. For example, asking a sub|ect 
immediately after an activity exactly what he was doing is sufficient 
to raise heart rate considerably.
2) Suitable Statistical Analysis of Observations. The trend line was 
considered to be very important; a slight upward trend over the day 
would indicate overload.
3) Scale in Mental Work. He considered that there was still no answer to 
this problem.
4) Statistical Analysis at the University. The main statistics utilised were 
histograms, minimum, maximum, median, and regression lines.
5) Physical activities and their effect. The tendency is to ignore all the 
physical activities and concentrate on trends. This also applies to 
circadian rhythm and environmental conditions.
6) Recording. Accurate, consistent, and unbiased recordings are still 
very difficult to achieve.
APPENDIX IX 
Description of the Equipment
A miniature data-logging storage system was conceived and 
developed by the Medical Research Council at the Clinical Research 
Centre, Harrow, for the purpose of collecting long-term measurements 
of physiological and environmental variables on people. It is 
distributed by T. E. M. Engineering Ltd.
• The apparatus consists of skin electrodes which pick up the 
ECG waveform and transfer it via twin cables to the transducer unit 
(8 cms. x 11.5 cms. x 2 cms.). The processed signals are then 
transferred to the tape recorder (11 .5 cms. x 6 .5 cms. x 2 .5 cms.).
The storage medium is a miniature dictation cassette with a 
total running time of 2k hours. The replay machine is designed to 
produce an analogue graphical output. The photograph on the next 
page illustrates the three pieces of. equipment.
The system may be adapted to record micro-environmental 
and skin temperatures ait the same time as heart rate. Facilities are 
also available for producing punched paper tape and printed readings.
After some initial testing of various types the most suitable 
electrodes were found to be V-Trace, Ag/AgCl, ECG monitoring 
electrodes manufactured by NDM Corporation, U.S.A.
The Circuitry
The input signal is recorded on the magnetic tape in the form 
of pulses generated' by a square-wave pulse generator. The number of 
pulses is proportional to the number of beats in one minute.
The recorder is separated into three main electrical circuits:
Ci) acceptance and storage of the data
(ii) the timing mechanism 
(iii) the digitizing of the data into pulses and recording of these 
on tape.
23k
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The main aspects are given below:
(1) The electrical cardiac impulses are picked up by the
electrodes and fed to the amplifier which charges a storage 
capacitor. Each beat triggers the circuit passing a fixed 
charge to the capacitor which therefore sums the number of 
beats. The voltage across the capacitor is passed to the 
comparator (see block diagram on the next page).
(2) The \?atch movement operates at 1-min. intervals, triggering
a bistable circuit. This causes a switch to close, thereby 
powering the main recorder circuits. The motor is accelerated 
and its speed is stabilized by a negative resistance circuit.
(3) The signal from the capacitor is fed into the comparator
as a reference voltage. When the watch movement triggers 
the circuit, the square-wave oscillator drives a staircase 
generator, providing a train of pulses to the recording 
head. At the instant the staircase voltage reaches the 
reference voltage the gating circuit closes, allowing no more 
pulses to pass. Thus the number of pulses corresponding to 
the number of heart-beats is recorded on the tape.
(4) Three tracks are available on the tape, for recording three 
different parameters. The fourth track is used to reset the 
staircase generator, and other circuits. When the pulse 
count reaches 120 (i.e. the staircase reaches the "top") the 
oscillator switches off and the staircase disappears ready 
for the next count.
i
(5) On replay, the pulse trains from the tape, suitably amplified 
are fed to staircase Digital/Analogue converters for the 
analogue outputs and to Binary Coded Decimal counter chains 
for the digital outputs. Replay-may take place continuously 
or intermittently as determined by the device that the replay 
machine drives - paper tape punch, etc.
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QUESTIONNAIRE 
(to be completed by interviewer)
GENERAL DETAILS
(1) SURNAME: (2) FORENAMES:
(3) TITLE
(4) RESPONSIBLE TO:
(5) RESPONSIBLE FOR:
(6) HOTEL:
(7) ADDRESS OF HOTEL t
(8) TELEPHONE NO:
PERSONAL DETAILS
(9) SEX: (10) AGE:
(1 1) GENERAL PHYSICAL HEALTH:
(12) IF POOR HEALTH - MAIN AREAS:
(13) MARITAL STATUS:
(14) SMOKING HABITS:
(15) DRINKING HABITS:
(16) MANAGERIAL EXPERIENCE IN HOTELS:
GENERAL IMPRESSIONS
(I?) DISPOSITION:
(18) ATTITUDE TOWARDS STUDY:
(19) CONFIDENCE:
(20) AGGRESSIVENESS:
(21) PERSONALITY:
(22) OTHER COMMENTS:
APPENDIX XI
ACTIVITIES DIARY
NAME: 
HOTEL: 
DATE: 
TEL. NO:
STARTING TIME: 
FINISHING TIME 
TOTAL MINUTES:
.
TIME CODE TIME-CODE TIME CODE TIME CODE TIME code'TIME CODE TIME CODE TIME CODE
01 31 01 31 01 31 01 31
02 32 02 32 02 32 02 32
03 33 03 33 03 33 03 33
04 34 04 34 04 34 04 34
05 35 °5 35 05 35 05 35
06 36 06 36 06 36 06 36
07 37 07 37 07 37 07 37
08 38 > 08 38 08 38 08 38
09 39 09 39 09 39 09 39
10 40 10 40 10 4o 10 40
11 41 11 41 11 41 11 4l
12 42 12 42 12 42 12 42
13 43 13 43 13 43 13 43
14 44 14 44 14 44 14 44
15 45 15 45 15 45 15 45
16 46 16. j 46 16 46 16 46
17 47 17' ] 47 17 47 17 47
18 48 18 48 18 48 18 48
19 49 19 49 19 49 19 49
20 50 20 50 20 50 20 50
21 51 21 S1 51 21 51 21 51
22 52 22 52 22 52 22 52
23 53 23 .53 23 53 23 53
24 54 24 54 24 54 24 54
25 55 25 55 25 55 25- 55
26 56 26 56 26 56 26 56
27 57 27 57 27 57 27 57
28 58 28 58 28 58 28 58
29 59 29 59 29 59 29 59
3° 60 30 60 30 60 30 60
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